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The LIMS Burner tests at Kv ar ntorp, 1959 - I960 
Summary and oonclusions , 

The field tests at Santa Cruz. California, 1955-' - 1959, 'resulted in the deve- 
lopment of. the so-called "sand burner". A number of 20 feet long burners in 
50 feet deep casings were tested on a fairly large scale and some tests, were 
made with longer burners in deeper casings. Before a commercial project was 
started.it was, however, desirable to obtain more experience on longer burners. 
For this purpose a series of tests were run in a part of the electrically heated, 
commercial Ljungstrom shale oil field at Kvarntorp, Sweden.,;,, 

The first test was started in September 1959 with 10 36 feet long burners in 
105 feet deep casings. The average heat input was 34,000 BTU/bumer, hour . It 
was planned to run these burners for 6 months, but, mainly due to condensation 
of water in the casings during the start-up period, the fluidization was di<- 
sturbed and several of the casings were damaged by heat. After about two months 
It was decided to shut down the remaining, undamaged burners and start a new 
test. , , V '; 

Thus 14 new burner wells were prepared and put in operation in April, i960. 
Some changes were made in the burner and casing design,, allowing higher heat 
inputs. The only important disturbance that occurred, was the water condensa- 
tion in the casing. The sand fluidization and the heat distribution. were good 
and some improvements were made on the new burner tube ' coupling (which had been 
used already in the first test). A heat input of between 50,000 and 56.000 
BTU/burner. hour, could be maintained. Some of the casings /.however, burst 
very early and after two months' operation 11 of the 14 "casings damaged. 
This was attributed to weak welding aeams, possibly in conjunction with lateral 
movements in the shale layers. The test had to be shut off by the end of May,' 
I960. 

A third teat, consisting of 5 burners,. was started in September, i960. The 
test was running until the end of November, i960, when it had to be shut off 
because of the total shut-down of the/LJungs'tr^ casings failed > : . 

during this period, but one could easily be repaired and "restarted. The re- V ' 
inalning burners ran smoothly and showed no corrosion at the inspection after 
the end of the test/ Heat inputs of 50,000 - 56,000 BTu/burner, . hour, were 
used and the highest temperatures observed in the temperature wells were about 
*00° P. . . 



The test details are reported in the monthly reports: ^The final burner design, 
used in the third test, is shown on the drawing 159 i 39. The most important 

new experiences were the following. . y- : ,1-:. 5 :. 

lm ^ htin * (and ^ii^htm.1 P f , t,,^., oould earllor be done only afttr " 

Pulling the burner tube above the sand filling. The new "burner tube coup- 
ling made it possible to raise only the upper part of the burner during 
the lighting. When the flame has 'reached its position in the burner cone, 
the two burner parts are tightened against each other and locked in this 
position, whereby the flue gases are toroed'thr^ugli^^and. No difficul- 
ties are encountered, when the burners ' are lit with 'this arrangement . . 

2 * gggggggaSB^JBtg,!.! the bottom of the c^.; ^ng the initial op- 
tion results in the extinguishing of the flame, it was found that this 
aan be avoided if the quantity of material, which, should be heated above 
the condensation temperature, is 'kept as low as possible during the first 
Period, under the test conditions it was sufficient to run the burners 
with half of the normal sand quantity ^hich is about 20 feet) during the 
first 20 - 30 hours. . ;ji v."? 
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Condensation of water in me top of the casing in a later 

Potion causes the formation of sand plugs, which prevehtlhe evengas 
flow, one reedy is to blow out..the water^ intermittently with air through 
a thin piece of pip 6 , inserted in the casing. More effective is. however, 
to raise the wall temperature of the casing by an increased heat input. 
Because of the low heat conductivity of the surrounding overburden layers, 
only a moderate increase is necessary. In the ttdrd test a heat input 
during the first 1.000 hours of 60.000 EPUAurner. hour., was used with 
success. /vY^fel- . V. 

Th e problem o f controlling the ™™,n* ^ --fhti^ml In the Santa 

Cruz tests this was done by pulling the burner out 'if, the sand. In the 
new test a rough check was obtainable by measuring? pressure drop 
through the burner. A more accurate check was obtained by lowering a 
Piece of iron rod in a steel wire in the casing, while running the burner 
at a low heat input . . -...= T-..-- 

The sand erosion on the burner tube and the ""p p 1 y ^ - — ^-^ 
problem at Santa Crux. In the new tests used burners from Santa Crui 
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were used anew. All projecting construction details were eliminated 
(except —of course - the centralizing fins) ; After the teats the bur- 
ners tfere inspected. The only" wear that was detected .was on the cone and; 
on a few of the eentralizers ♦ Judging from the test experiences, the same 
burners can be used several times/ if the cone is made of a high-heat-re- 
sistant alloy. Probably some of the centralizerS - imastibe: replaced and the 
tightening surfaces on the burner \tube vcbu^ ■, 
each operating period, \ -I ^ ;• 

Burner casings of plain carbon steel seem .to; befits^ prolonged/ 
heating, as long as good fluidization is maintained *^k£W : --\ . 

A 50 feet interval can be heated evenly, if a 33-!fe4t';iong, i-dnch burner ' 
is used in a 3 1/2 inch casing With 15 - 20 feet of sand at heat inputs of 
50,000 - 55,000 BTHAjurner, hour. , \v 
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Report LINS Burner Teat " "Gas -KL 11 
September through ■ November?: jffi q ' :§jp^ v 



Summary 

The burners ; have been in operation only 7 days 'since 'Septen^r^Sth to December!! 
1st with a total heat input of 5 x 1 0 6 HPU/burner (1300 McaVb). Great diffH ^ 
oulttea arose, raa inly due to condensation of water; in the : bottom of the burner 
casing, which resulted in an uneven sand fluidi Nation .It is now thousht that ' 
the difficulties have been overcome by improved^facilities Ifor 'the fuel supply M 
and an increase of the heat input. Two nuan^periencies Wboen omde, na.ely $ 
that it is very important to re.bve all the water ^n^he^iine'and also to ' £ 
have the orifice plates on the top of the supply tub^^^lhouid be placed as ^ 
close as possible to the top of the burner casii* so "the^haust gas can heat ' , 
the orifice plates to avoid ice forming at^ > P an S ioh Ufl W^as . :. ^[g 

ne. burner cevice has been dev8lopea . fc faolIltate ^ iUi-^ ^ burne |ff 
wthout puUins lt out 0 , u „ 3ani , , burMr ^ oo<i . llns ^-.^ d , 3lgnaa 

TM. t^ tlms „„ ^ part of am burner tube _ ^ is ;; 4b ; v . the ; 8ai>d esn h9 

After the burner has been llt . the burner pexta can .^ll^ie^u, togethet . ' 

by the burner tube coupling. • , ■ - ' ^ " 



1 , 



B 87 burner casing and cone has failed'p^^ 
B 89 and 91 ca3lne5 ha , e algo faUed ^ ^ ^ fa^i^^ ^ 
probably was caused by ice pl ug3 ln the orific^ P i a tes^ti^i:^^-^-H r ^ 




15 - December 1 logo • . ^jtfvSSW" -, . %^^,; ; ^.„^,;:::i-»3"'' 

The 10 burners were started September l«5th 1 7? a „i, >, ' ' ^''- ^T ' '^--^M 

oepxenoer i^th. Jach burner !; casing was Tilled with ^ 
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19-5 feet (6 m} burner casing of 3and (« 26 feet annulus)i while the burner waa 
kept a couple of Inches above the sand level in a mast. " After the igniting, the 
burster was left to work itself down in the sand* while this was fluidlzed in- 
creasingly. The net heat input wbs about >2 ,900 BTU/burner-hour (8.0 Mcal/b-h). 

The burners went out several times and were shut of f after about two days, be- 
cause of water collection in the casings . The *rater was partly moisture from 
the compressed air, which separated in the F-lines/and partly combustion water, 
which condensed in the cold burner casings. The saiid became too wet and flui- 
dized irregularly. : ;fh ;> . " . 

The cone and the burner casing in B 87 burned off / parttytdue^to too low sand 
expansion but mainly due to an earlier damaged coneV:((Aii Jthe^ccmes were used 
in L 9, Santa Crua.} i : f ' 

Before the burners were started again, ■ efforts were made to find a method to . 
light the burner without pulling it out of the sand T: It :^as found that this 
can be done by cutting off the burner t^hori^h^ the unexpended .. 

sand level with a coupling between the' parts ^^JWVlocked and v 
unlocked by turning the supply tube. By^^s^deviee it|^end^' to pull the 
upper burner part only a couple of ia^^ta^U^ti^^^^i^ 'tttbe coup- ;■; 
ling is shown on Pig 2. The end surtacea^?^ J^^^p^^' ground coni- 
cally in order to ensure a tight connection J^h^faUrn^^ are held 

together by three centralizers , placed on '.'^f^e^/pij^ 

fitting into three shoulders welded on the bottomTpartl Because the shoulders 
are placed in 10 degrees angle towards a piahe" p^ P ^^^ar.\o f the burner tube, 
the upper part can be pressed towards the boUora'^a^^turning the supply 
tube above ground surface. The bottom part Stand?; bti;th^|dttom of the burner 
casing with two iron "legs". • j'ljl^vT^p^^iriC^':^" ' " 

During the first operating period it was found that W aShd fluidized too high. 
Therefore the sand level was decreased to rff feet (5.2 "nf ahnuius. The burner 
tube was shortened 4.0 feet (1.2 m) to 32 fee* (9,8 m)Ull burners .were then 
cut off 19.2 feet (6.0 o) from the bottom tod^ thus &?§r«§V(0 o 8 o) above the 
sand level. Ho couplings were arranged In thic : %rs'tl^na^e? f ' f ? ;;! ' 

■ :'-u:^^mf- : [:.y : ■ ■ 



In order to facilitate the fluidization during the . start-up period, the origi- 
nal sand was replaced by fine sand. The sieve analysis of the used Bands and, 
as comparison, of the sand, used for L 9 » Santa Cruz, are: 



oize 


Coarae sand 


Pine sand 


. Sand in L 9 


ram 


% 


• j 




>2 


0.6 


■ ::;'>• o ; ' - 


. : ; 0.7 • .-• 


1 - 2 " f 


93.0 




.. 91.9 ; 


0.5-1 


' 6.3 


"' 64.5 .. 


- ■4 - .7.4 . 


<0.5 


0.1 


. : 4.o 





When the condensation of the water ceases and the sand becomes dry, the loss 
of this fine sand will probably.be too high; ^Therefore ^eoarsV sand will be 
used to replace the lost sand! ' V^WK^iV..'-':' %*:\: ' 

Second_start ■ . • ,-\- ]'$ : ' : - 

The burners, except B 87. 90 and 94, were Malted OoiWer : loth with a net 
heat input of about 32,000 BTU/buraer-fcour. B ^hd. B ; 94 ; could not be started, 
because it was discovered that water leaked, itrtojni^er; casings, probably 
from the bottom. All burners were shut' off af 'ier^e^laf 'Because of power \ 
failure. During the relighting after about it t^ was J found that too much 

water had condensed in the burner casings. .Therefore > 5 4e burners had to be 
pullod in order to rinse out the sand with •cdmpr^se^'a^So^get the casings 
dried. It was now discovered that the seal faetweeii ^ itwq burner tube parts 
had been somewhat damaged due to insufficient tightingjand simultaneous erosion 
by fluidized sand. Because of this and also the difficulty in pulling the 
bottom part of the burner tube, the earlier mentioned shoulders ; and the corre- 
sponding cutting-outs on the centralizers Were made.' : ' ' 

It was also tried to tighten the leaking, casings . B goW;^ and the burned 
off casing B 87 by injection of cement. ^ 

Third start = , - r , _ ^^-ibL^^i' S^iSkJ- !■ ^ - ■ = 

Table 1 gives the operation data for this ?; period ^bni^vember 10th to November 
20th. The leaks in the casings B 87, B : ?6 . and B 94^epuld: f inaiiy .be lightened, 
however for B 87 only for a short time. ^This bun^^f rom November l 9 th de- 
finitely out of operation. Because part of. the'bullL^lisihgs B 90 and 9* were 
filled with cement, these burners had to 'be -plaoeiS^f^^O ! m) higher than 
the other burners. ■ "'--^v 'hk^"^^ r --^ii : i^- ; - ; ''"' 



As seen from Table 1, there were three shut-downs, but the burners oould easily 
be relit despite tha casings contained 3onie condensed water. It- was easy to 
"unscrew" and pull the acne part at the relighting. However, after the last 
shut-down on November POth the burners ijobuld hot be- separated viand thus the 
whole burners had to bo pulled. It was found that the oentralizers Just below 
ths cutting-oute had cut into the bottom burner part. > This easily corrected 
by grinding off the central! uers about H/l6 inch. ^Olae-g^uhd^en^' surfaces on 
the burner parts were good except in B. 89, where gas had leaked through and 
damaged not only the 1 burner parts but 'also" /the casing ■'■ . . 

The last shut-down was probably caused by ice plugs in the orifice' plates . In 
any case the orifice unions became covered with Ice . At ^the' expansion of the 
gaa through the orifices the gas is cooled; and ^enJIh^J^jxtside, temperature 
was only about 25° F, the condensed water ] f rbie h'er^ -^la^air/gas flow 

continuously decreesed. Simultaneously ttie ^ss^Jdif^erehoe i over the ori- • 
tt.ee plate increased, and at a low flow^rata ;jthe ■±6m £iugwaa pushed away, and 
then the cycle could be repeated. Thus ^orifice" pl'kW' should be kept warm, 
and therefore they were moved from the 2-inch fuel-line to the top of the supp- 
ly tube, where the exhaust gas could supply the necessary; heat i 

Unfortunately, two burner casings B 89 and '^failed during the time when the 
ice forcing was discovered. B 91 cone was badly cdrroded^which probably was 
du® to euch a low heat input during the ice forming ;that';the sand did not flui- 
dize up to the cone. In B 89 the flame had: he^at^ coupling, 
which was completely destroyed. ' " : v V -.'^yf'" ' ...V 

Situation^ before_f fourth start '••'..-.'i''. .: 

The test can continue with only seven burners 'because b'87, 89 and 91 have 
failed. The cones have been placed at 72 feet '.(22 o) from ground surface ex- 
cept in B 90 and 94 where the cones and the burners have been placed 13 feet 
(4.0 m) higher, thus at 59 feet from ground wtffaia^S^ Zi. -i; 

The burner tube coupling has been improved and iaf how fighter, but still easily 
separated. k ' ; '-..' : .> i-:-'-, • 

To avoid water condensation in the burners, two water separators have been in- 
stalled in the air line. . ' ■ : . V/\ ; : vv~^:^|^l 

Pine sand will be used, and the burners! will be rm at^jhi^'heat input than 
before . ' N% -.V '*.>■• • 



The orifice plates have been moved to the top of the supply tube in-order to 
heat the orifice plates to prevent plugging of these by ice. 

The fuel S as station has been improved so a steady flow of air and gas wiil 
be obtained. A new stationary compressor' instead of the mobile one will be 
installed, ' ' 



tyarkes Kvarhtorp, December 16, 1959 
(Bengt Persson) 
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The 8SVen reaalnl;i 5 fcunw* war* started ^December; 2nd? GreatWiculties ; 
ulth the condition of the combiastioft^water ^Weybn'WoduntWed, Wet ' 
*and Partially plugged the bottcaV^b^ 

* TOP ° f th * bUniSr ^ rasuUed *».«lui|- 2a a ;l e akafiemagh^;burner tube 
coupling. Herewith, th. aand could aot fluidize . and -did" even collect more 
.ondsnsed water. This wa 3 Probably^^^;^^^ failures/ 
H«m TO . two of thsse faiiu^s occurr ,^ in ; B l and V B ^^hieh had earlier - 
o« 3 n canted to stop water leakage in 'the bottom of ihe casinga. Probably' ' 
these ceaeat plugs did act hold for th^Wt: B 96 iburnir .became stuck in ■ - 
the caaing. and only one burner was iteration/ w^SglSsVwaa .hut off " 
oil Dacetabar 20th. . : ^-r^^r. '^-rf'^y^^M^m^ 1 ■ 

The condition of ao^e of ^ ^^IM^ ,, ^ 
*™r casing was soon encountered, .Therafore^ilffneat input was in- 
creased fro. 32.500 Bra/burner-hour (8.3 Mcal)S^Wbu»erW 
(8 8 M.alJ after 26 hours and to 40.000. mu/^r^Clo^) after a- 
nother 23 hours. «hich input waa maintained ^ii theN»d the teat, How- 
ever the "water problem continued. leaking 'burner tube 

•coupling. 1 j^^^^.^\f^;^l\:^:x vv/*- ■ • ■■" 

» a3 ^.d that the Pr= 3 sur, a rop ^:^JW tnell ™ s ^ | 

In 3t,ad « rtPpllng , r Mghep t^gflfttfa^j^-^. ; 

1-tt* .o,^ ti cc^n^iisJlte&'w^ 4t'« 

which ^l-— . th. PT M3 ur. ^^^^^g t 

* 8 aU ° k *" ■** * * — ^ndi,tTh4Soi.: i i.,. 1 . ston ^ : 



and sand espies could be taksn. Naturally., thera *ould> G tili : ba joae leakage 
through the burasr tube coupling. This was- Mstprc* -.ta^ccur, particularly when 

tfc3 Saad «P*«i0n < ratl ° of «* heights ^^f i^ the' settled 

saad) was 'fcslov/ 2.2. . ' '■ :'V, - .• 

Wwn the- burner tubs couplings were ?ut : together, in' at^ 
ground and tested ifith about 30 paig air: pressure, ^bhyVittie leakage was 
found, but when the two burner parts *«r# put together. in. a flight angle the 
leakage was large.; This might, have bseh-the^casa^^heh^ths.burner' was down • 
in the burner casing. . , . /■ Uil^^&Sf iifMi^- • .•- 

When the fluldlzation leased *ad ^$»r«!^^ burner 
easing, the .burner was shut off. So^ms^^^^^^-^la^ ^ yleavins 
the fuel gas-air alxtura bliwing th^gS^SJ^^^ 5 it " 
WaS Cn0nSh tQ blow alr tb «>«5h at a Prassure/of ;:ab^g;p S i6 f or • few seconds 
Th8r9f0rC » U ' was tilou ^ «"* in ^bottom ^^^^^-' W8 4plug of 

the sand and water with air and then' pour in mm*. tua£$i'. 14^ r ,, .- 

Tha amount of sand was 16. 5 feet enoulusV' ^^^b'^'^ ine*ea*ed. 
to 19.0 - 19.7 feet annulus. The sand expansion was 'normally 2.3 to 2A, occa- 
sionally as low as 2.2 or less or as Mgh.&s 2>6 and Wen these values 
** r8 - W than fch3 Wted espansioiT.of ,abou^ 3^0^|£w^er; ^ha actual ex- 
pansions W5?0 probably higher than ^tP^-^S^S ^ undetermined 
loss of sand. . - •■'■-r'.'.rH?-' : ' : ^■^■^^S^r^-''^^-' i>: 



The test was shut down after 432 hours W&oeabar 2oih; iwhen there was- only 
ono burner In operation. Five burner casing i-had^iW; 'and ^ne burner' was 
stuck in the burner easing. * • . ■"*■ 



The actual operation ttea and total- heat inputJwa* Sffc-aS V--- • 

Hours in operation v r ; -^iiion^U supplied 



O.tilia.2 12.2 - 12 .20 Total ^ ! Until 12.20 Total 

.396 ■ 5» 0 "'^ " 18,1 • 



B 38 


& 


336 


B 90 


•s? 


5 k 


3 32 


6o 


155 


S 93 


6o 


49 


3 9* 


60 


308 


a 35 


60 


362 


3 36 


60 


284 



1U- ; . 5.0^" ^ft 5,8 
;; 3.0'::/::':5'::6,0 11,0 



.109 ■• l, -;5.0/^:^^ 

363 . 5.P ;; ^>2,0 ... 17,0. 

^22 • . . .. . • 5 e q, .•^ r ^u;'.,i4,2 ; , '. 19,2 

M,-^ y K.: :?^k','. . 16.0 



The history of th 8 individual burners la given on Tables 1 through 7 and com- 
manted below. : : . . ; - : . , '• 

318. After 12'l hours the burner «as off during SO Hours for water removal . 
in the burner casing. It waa than running allright, and' the sand exoansion 
increased from 2.2 to 2.8 -until 308 hours when «li remaining four burners . 
were shut off because of a ruptured air hose. BscauBQ >f dif f ioultiea with 
3 S% and 3 96. only 3 33 and 3 95 could -%a started 'again 384 hours. Brfore 
the start a plug of *,et sand in the bottom ;cf fl 88jka d ;to . be blbvm out with 
air. Thereafter the burner was running!; aMfe^&^mBp^^l^.^ ex- 
pansion (2.1). Nevertheless, the buWicasing^ 
burner could easily be pulled and showed ' w \*l&&t$i&Vb*. lower sand **- 
panaion after the last restart t^;^^^^^^^^ through 
^ the burner tubs coupling, which '^distortisn^ 

•with a subsequent overheating at the cons •leyel i ;^#ifc£v^Ur: : i •= - 1 

BJO. The burner was shut off after 5.4 ^hours/ when' thii Water was bubbling in 
the burner casing, and the. preasure. drop became steady 33.8 psig. It was 
found that the casing had burned off .^When the burner WWled, it was dis- 
covered that the threads on the .V4^pl*^ 

•*ere corroded off. As described ln ; the] last -^portgth^oitom. of: the xsaaing 
was cemented to atop leakage here.^| 3 e a i ad:^biy-^t; hold ^ and thus 
. *ater came up and oa d 8 .the sand tpa.wef '^hMm^^^xts^op in- 
creased and the gas started to leak outjthrough th^couplins^ which resulted 

k in too-high temperature at the" cone' ievelfe/^ r-:J^J^;^ . w ' •. 

^ Sand did ^ and the bukegasing^liected 'too much 1 

«ater despite three attests to blow it dryl? A^fourth trial after 124 hours 

1 r ***** tUbe °° Uplins COuld * ot *» WBtft^§M : ;found>that the coup- 

Hug centralizes .era bent. ^the^r^l^^ 

After it W aa reatarted * 14 9 honra, V^'SHKSSKW became 
*ot, *nd the sand -expansion ^.^^^ti^SSB^^^ fluidiza- 
tion ,ea Sad ^nletely. Several, attests .ere ^Sgl^Srne r to 
but it did ao only for abort periods/ and at 22* hoursS^bSer casing and 
also the cone burned -off. The burner, tube. ^ould^aot^a Wlied/ihe failure 
must be assumed to have been caused by : a, leak In Wiburner^e coupling, 

B93_. Despite the burner aeeaod to runiatiafacfiriS^^ 

the burner casing burned off after only 49.5io U r 3 .\ The ^burner was undamaged. 

and there was no indication of the aauae the 'failure^ " v ' : 



S j&. Tb* burner was in -eontinous o^raUc^^n'til'^'-.&oixrs. when the 'test • 
shut-down oeeurred Sue to the raptured air hoseHt'^he ^ timo th9 „ uraer 
* aSias bOTMd 9ff - Th9 bursa? was' undi^sed/and^nfailare was -probably, in ' 
30238 Way wlth ths shut-dWj^t^ the. ceasnt'plug- 

in ti» bcftca of tha burner casing wackid at the rapid temperature decrease' 
affcar th£ &but off - Exc *Pt *»*ng the/nrat'-s'-hWa-vithqat nuidizatlcn, ths 
operation .„f the burner did aot gWaft^troub^ /Iggns^and expansion bad 
started to increase above 3.4. ' ''-"r'f '" •"' ' " 

SJ?5. No difficulties arose until the restart ■&&ti!to^\b*t-tom at 
f° " C ' ,VS - Ths SKJd ^ iaot fluidiae,; therefore' W'bht^i^ed. and ' 
•«w sand replaced. A plug of wet sand in ths bottom if the burner tubs was 
discoid, which must have been -fawned during -the ahat^DwnV After it was 
started ..gain at. 332 hours, the burner worked Alright* until the and of the 
teat at \yz Honrs. During ths operation, the burner want out. two times, but 
was easily relit. : • . , ■/,•• f \-- 

Bj6. When the burner want .out two^imes, ,the^burne^ could not- 

be- separated, and the whole burner: had to be pttilrt^i&a^ihe.. coupling 
aentralisers were too tight and had to ;& S ground <>ff UoWswllat^Wter the se - 
60114 atart ' ths ^l^tion «. Mndered^y * ^SW^ easily 
removed by a sudden shock of 50 :?3ig : air, pressure.. At 292 hours the burner 
was *hut off in order to measure the, height of the settled .bed by sinUng down 
• 1/4 pipe along the burner ^ .-cmmm^^M^^o^ became' 
stuck together with the burner, and cou^Wt be p^lled.^refore. the '.burner 
could not be started again. . . • . . ' ->'■'• • 

2iSSJ»sion_o£^^uita : - - [P'P^^^i^^0%^r r . v * • 

«» removal of the coabustion water .in the;iburhera;i^*he main problem. This 
will probably *» *ore accentuated the ; longer 'SeJbiper oasings and the burner 
tubes are. For a certain desired Seated ihter^Ppr&i^ 3h o uld bs at 
short as possible and the heat input as high the bottoa 

° f bUKlBr Ta » ldl * > 8 -^t^^p^^ibaw the de* 

point of -the flue gas. r-^-'^v^^^^l^^^r-' •< ■ 

For long burners it is nece^ry to have ^"arr^lftS ^t the burner 
oan easily he pulled above the burner ^and^for: rel^iffi^^ has been ac- 
C031?liSb5i '** puUi °S ^ly that part of dthe^bumer^lhicl-^^ove the sand 
Tnsrefore, a fcind of a .coupling on the'b^r^tube 'has^een Rested. However. 



*1» U3*a coupling has to ba Improved, " especially ^i^^rd 'to tightness 
against g as leaUs. If part of tte' flus gaa leaks ^labovs^he sand bad, the 
flow through the sand and th^al^ >h* 

This was probably ths. **iin reaeoa WJthV casing' faliiraa J J.. ,'. • 

Another roason for failure may bs the ; >at.- expansion ;bf .the burner easing. 
This is packed firaly in the formation *itfa sand, jW thus 'the longitudinal 
thorns! expansion of the casing la restricted! -The -^tain^d thecal stress- 
a>ay cause casing :ruptura-3. ' 

Oatti na. .fo r- a new test 'i , :-'-'.4'. 5 f -rVM N 

A saw test of fifteea burners will be Started ;in Jferph JsSd/a J.59 * 0,15 
inches (89 Xc 3.25 asa) burner casing will' be. yaed^wherebyihsat -inputs of up 
to 55.000 BTO/burasr-hour can ba aaintaxn^d.^ f lengti^^the burner tube 
*ill be 35 feet, oaa 23.5 foet and "ongof^et MSlraer ' tuba *111 also 
be tosted. .An improved burner coupling ^iMW^sid1lES 1 ^ e d ; 3/V , supply 
tube, «a». HO. «ill ba wpUoed by ^^^0^^^^ turner ' 
can be easier turned tp look the burner tuba -sbupliniSr^^ady. The flui- 
dlzation .will ba controlled carefully. In 'three buraara'^the ie*oaratura di- 
stribution will ba «h, otea vith thsrmocouplsa in a 1^ pipe, attached to the 
outside of the bura 3 ~ eaalng. To avoid thsraal atraaa *n' the burner easing, 
these *ill bs sand-packed only through the Wrburdan. «ad 'tha linieatons lay- 
era, and the holes -,*U oe drlUed than the ,c a8 i ns3 '. i whereby these 
can expand downwards. Bilf of'the ^Ibgs ^ W^uppl^th 1. 5 feet long 
* XPa08l0n tube8 ' 4 * 01 * °^ IneW^aeings ^ll^ibnsist of carbon steel, 
but in half of the* S.5 feet of an *lioy.pip 8 *ill ba W around the sone 
level. Tbe hole* *ill b» drilled i^ei ^^•^^eetrlcal heater, . 
Tneao *111 ba used as temperature sella, but in caas of : a .burner failure the 
electrical element can ba inner ted and start?* to maintain the temperature 
in the formation. . . V:.; ^ ■ '* ' 

/.:•'* ^:r^'^ : ijfW2 :: 'C' :: ' J 
- ' i: -i::^.>:,;^-; : : : ^:'.' . 
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Rep ort. on LIMS Bur ner Tes t "\ "Gas -KL^ 
January * February ,y 'i960* 



.'•■gij-lir- 



Summary 



After the test was shut off last month ^ recovered. 
Tho damaged burners were inspected^Ajnew^ 

15 burner wells Instead of the 10 use <K In the first! ^t1|^ new est site 

^ period 




ova • wef e*"^^ system 



A detailed description of the new wella^in^^ Report. 
The burners will ba started during the .month bf : Wr ! ch^ p£; 




Sumoary 



A new test field of 14 «ndta^ March 
Slsl. The test ia called Gaa-KT. 2.' ^^^^I^'^i^^^^* . 



3as-KL test are 

1 . Larger burner 
allow riBt heat 
(56,000 BXU/b 




naatedXJungstrcm field arid:t^aY^i^ -i 
. heaters v. In case of a:buni££^u&^ ; " 1 

: * eI1 -* an be conv erted:.to -:an^l«o^idallh^t4^ .«.•£ 
to the formation ean 

•A few fluidization end isaiting - 



«• nsw test area U'^.^^S^SSSS^^^^ 

*d E e (lowor temperatures ^rioV^sh-fc* - • '■>'■■) 



burners, 

'and 



"protected" froa the edge. by 5 electrical heaters in each row. The test 
consists of 15 burners, placed in . three 'rows vf lth 5 burners in each. -In 
this way all the burners will be tested for . "inside", conditions. ' 

The burner holes are drilled about 0.5 m (I'S") from the earlier set 
casings for electrical heaters, which instead will' be used ae temperature 
wells. In case of a burner failure the corresponding; electrical heater 
will be reinstalled, so that the ordinary amount of heat can be sullied 
to the formation., and the. remaining burners can operate under ordinary 
field conditions. .Three additional temperature' tells are also installed 
along the side of three burner casings, where the temperature will be 
measured by thermocouples. • 

The hole pattern of Gas-KL 2 ia shown on Pig.. 1. [\ -The ! burners and the 
temperaturs wells are numbered.!, through 15' with , the prefixes B for burner 
and T for temperature well. The. three temperature wells -in the burner 
hole are also given a suffix B, for instance ' 5? ^:.B.-5>The electrical heaters 
have their regular field numbers, e.g. the 95th heater in the' 88th row is 
numbered 88/95. • ■ '■ ; •. '. • *. . 

There is no B 1 burner and ho T 1 and T 5 teaoerature iwells . While being 
installed in the casing, the burner.; tube in B was dropped and. knocked 
out the bottom- plate of the casing. _ ; - - An uhsuccessf^ "attempt was made to 
jOlug the casing with cement. ^ Therefore ^T 1 : Ha||converted to electrical. . 
heater 88/91. T 5 casing was hit hyf the .drill /bit and damaged, when B 5 
was drilled. Therefore, T' 5 had to be abandoned, end-plugged, and a new 
hole for B 5 was' drilled on the opposite side ifT 5* : -In order not to. 
have B 4 too close to B 5, the place for B \ also was changed, • 

Burners ••.•U.J- .. . , . ..■ ' ■ 

In the previous Ges-KL test alltthe burner casln^^ ei^Uandnac^d' all 
way down to the bottom of the drillholes . ' Because only part of each 
casing was heated to high temperature and beoausa ? 6f irregular formation ' 
movements due to thermal expansion;- the casing' faijiuresr might have -been 
caused by an extraordinary bending.of thej caslngs^Th^ burner holes in 
L 9. Santa Cruz, were drilled. about^ fee^deepWjW packed through the 
overburden only, around its eono6ntrle;'gai1^i|f the burner casing 
*aa hanging f ree ^ the burner hoie and ' could' ^and-' downwards . Because 



of the good results obtained in ,L 9, "'It ^ vm^decided :^tp -test similar ;; 
■arrangements in Gas-KL 2* Therefore , the burner "holes -are drilled 0. 5 m 
so l.o ra (i*S" to 3*3") deeper than; the' ; ^ca3i^a,:'S Concentric gas -wells, are 
nof used but all casings =are packQ.d^td : ^ the over- 

burden -layers.. It was suggested that ;^;OTpansibh : . tube should be inserted 
around the bottom of some, of the burner casings but. the diameter of the 
bore- holes did not permit this. '■' UV' "'■■;:„ :: ;' ; J. ' 



It was also decided to use 2- ar (6*7 n ; );f6*f "ah :ail^*%f-vab6utv-ttie same quality 
(with 5 % Cr, 1.5 £ Si, 0.5 % Mo) as us'ed in'L'^IS^a-^uz, on the burner 
casing at the cone -level • However; -18/8 staijalWa^^teei^was^used, because 
this was the only quality available. ; -'■ ■ M: 



The .place and the description of the f inai iaain^^cbinpletions are -shown- 
on Fig. 1 0 Six. burner casings are made of carb6n ; fjit eel (group I) and 
eight are -made of carbon steely except for 2 m (6'7") raada of 18/8 stain- . 
less ste^l, at the cone level (group II) . Each quality group, is divided 
into three subgroups 1, -2 .arid 3 according to • the *dfepth??6f ithe drill hole * 
and the aandpacking. The type 1 has. thd hole drilled to '32*5 ;.ta (106*5"), 
which is Oo5 to {1*8") below the bottom of the -casing, 'iind; the casing sand- 
packed down to 16 si (52*6 n )j : W;ty^e : £\fcas ^i^lp8;f^)%e^ holes thus 
1.0 m (3"3 n ) below the bottom r of ;thep^ 2 a 

ttith sandpacking to 16 m (52*6") a^ 

The tree burners with the tem^ra^ro^eil ; irvft^Wr^ to i... 

group 2 b. Zt was originally plami£d>^ to 16 m for 

these also, but it was feared that it Would be difficult to get the more . 
complicated packer down to this- depth, therefore, !it was. placed ^.0 m 
(13*1") higher up. However, \it is diiut^ on the 

packer f or B 9 and B 14, " because three **in^ used as for 

B Type 5 has the casings packed \all<wai^^ ■ There are 

four burners in group 1 and five- burners ^in^^ 

The burner holes were drilled -with a 110 ^(ki$$$ bit 1 except "for the 
type -2 b, where a 135 mm (5.31") bit was tisedi^ ^The dimension i of the ' 
burner casings are 89 x 3;25 mm (3o50 n x 0.13") £ temperature well in - 
type 2 b consists- of 1" pipe i sch. 4o, and Is. welded -to the burner -casing, 
with several 0.5 ia long 1/2" x i/8" " carbon steel platesj" ; 



The casings were welded -of ''5. 6 m (17' - 20^) >ng joints ^ Each weld 
was tasted with air. 'Ov^-v^ 



Schematic drawings of the typas I, : l ; 'and I,; -2 b jare^sliown : on .Pig. 2 and 
3 resp. . . „ : :""'V ^i'VC.'' ^"'^-''':?'.. '. 

The length of the burner tubes is 10.0 * (32:i0") j -eicopt in S 9 where it 
la 9-0 m (29 '6") and in B 1* where It^is 8 . 0 m (26 '3>) |* *Tney : are" made of 
1" pipes, sch. liQ, of the following -qualities^ "counted from the c6ho, 

downwards: " .' ; yi' : '■■ ^ : i : ~\ , '] 

■' • • ■ • • ' ■ • •• -\ 

25/20 stainless steel 1.2 • a .( Xll")^!.* ^$/U")^ ii2 o ( 3°ll") 

l8 / 8 "■ ' n 3.95 ' (13*' '^y^^Wt^py ^ : *.55 • • avii») 

Carbon steel 21 85 ( 9' V )' j ' : ^ jy% ^4,25 ' W'J>ll 

Total length of 
burner tube 8.00 



(26*. 3") 9-^181^^)^10.00. • 



(32*10") 



. .. . ..;i\ec«*$'^«..- . . = ... - 

Toe toxrnsr^b^couplins, which is shown on Pig. : 4,; Cwas placed at 3 m 
(9 '10") below the cone oh the 10 a' (32 '10*') aorig'fcu&tf tubes -end at 2 m 
(6'? n ) below the cones on the shorter burner jtMbes^f^l^the^ parts ape iade 
of 18/8 stainless steel. It was fottod-.-that >^t^:liyer^^aii::-f Antl- ■ ■ 
scuffing paste" on the conical grouW-parts '^n^^bill^iW'aiBiost ' 
completely tight. The main component' of the pa^e^ls^iybdenum sulphide 
with a seltijs point of 1 .l£&°c j[a>'l6fp) . ^t . start^Scidize at about: 
600 C (1.100°P). however, it was forniTtcT ^^fwelS? evehiwhen It waJ 
heated to about 800°C (1.500°?)../ • 



The eentrallaera on the burner .tubs jcc^ling^^ (0.'23") thick 

18/8 stainless steel plate The -cen£p^^^ \ 
stainless part of the burner WWjfiSjgjj^^ 

thick 18/8 stainless -steel. They ar^.:i5dM.SK^^ind' ?> 21 «m (0.83") : 
and 31 nun (1.22") wide, leaving .^;f^|^ 8 ^^^^^^ 0 ^«^ tb the ; 
casing well. The eentralizera on" : -the^arW tube 
are 75 ram (3") long and 21 mm (b.85");%ide W'made^f]^ km (0.12" j thick 
carbon steel plate. The. -centraltizew^ 

counted from the bottom of the TOne'^^^^^^^^Ml^^l. 1 ^.:^'^ 



10 m . . ' ■■ . 9jn . . 8 m burner tube 
Above cone: 0 .4 rn ( 1' 4") 0.'* m ( 1' A") . 0.4 m ■(. 1 " 4") 

Below cone: 18/8 steal 1.5 . ( it'll") . r>1.0 (3' 5"} 1.0 ( 3'. 3"} 
burnor tube . ■"//"■ -y 1 ;' '■"■??' -Vy-' 

coupling .3.0 ( .9 'la*) ,.:y/2.q ( ;6 : 7"). , v- 2.0 ( 6 ' 7") 
18/8 steel 3.2 (10 \ ^K-l'' o"): \' 2.2 . ( 7' 3") 

4.o (13: i") ."3^o:; ; ,,( 9'io")^> 3.0 ( 9'10 B ) 

carbon steel 6.5 (21' 4") •'••$.5^(18' 0") . 5.6 (16' 5") 

The centralizes at 3.2 and 2.2 m resp. -Were ';put oh lafer^when It was 
found that those placed at 4,0 W 3.0;^ bur _ 
nar tuba coupling. It tappaa^.1tot^!■tlIft : botW1^^ : l^'^ burner tube 
same so close to the casing that the top part ebuld not be screwed on. 



The two so called burner tube legs were made of hard carbon steel, 
8" 3t 1/2" x 1/2", welded to the burner tube, reaching 150 ram (6") below 
"its lower end. ■ •'' VJ'"' . • 



The supply tube is made of 0.8 m ,(2/7") 1/4"; se h. 180 pipe, 5.0 m (l6'5") 
3/8" sch. 40 pipe and 16.5 to lfi£?£ V (5* * d^tyfe* *olu' 40 pipe. The 
1/4" and 3/8" pipes are of 18/8 stainless steel and the ,3/2" pipes of 
carbon steel. " '. : ■ ' \ • /r U.'V:::.- • 



The bottom of the one-Joint" 3/8" pipe is connected to the l/k" pipe with 
a 1/4" coupling of stainless steel; 'welded to. the 3/8 "pipe and turned 
down to the same outside diameter as this. The top of the 3/8" pipe is 
welded to the 1/2" pipe with a 1/2" coupling 0.5 m (l'S") above this weld. 
By this arrangement, there is no projecting part that can be eroded away 
by the sand between the cone and the 1/2*!: 'coupling 6^: ^ (20'S") above the 
cone with the exception of the centralizers '. In .the pravious tests, when 
a 1/4" coupling was used between two. VV' joints severe sand erosion was 
observed on tha supply tube at ^'c^ltngri?^^/8"' : supply tube makes . 
also the burner more rigid, so th^vburnerStub^^iins can Easier be 
locked and unlocked. The 1/4" supply 1niBes'^f|^nes and;- the' stainless 
steel parts of the burner tubes were made fron "burrs' used in L 9, Santa 
Cruz. i \'k- - 



yiuldiz ation tests ■, (. ■ ■. '( !'.-:.":-:-;f ' W^^K/V.:/-^: 
Tssts were run in five burners In" order; •' 
through -sand heights of up .to 6 a annulus burner 'easins'and burner tubs at 
air flow rates, corresponding to 11. : 12, 15 and ■ li neal per burner hour 
{H.GOO, 43,00<J, 52,000 and 56.000 fiT0A-h)>; ! ^he resultsare shown on Fig, 5 
as pressure drop versus sand height for; different ; air rates. For comparison, 
the fluidization results :with air .'toiWelJL; 120,:: Sanii^Crus.".*™ also shown, 
where the outside diameter of -th« .t»nner;t:bt» *jaa■;' ; i■.66 ,, • «|pd. the inside 
diameter of the burner casing wU$Jft£i^M pr^aura drop for more than 
3 o <10') sand can fee approximated ; to straight Uiiies . ; JThe pressure drop 
was found to ba 0.0l8 kg/cm per fflater^an^height 1(6*79 psi>ft). According 
to the results in Well 120 it should & ! W:o.^ ; * s / m 2 , m (0.70 psi/ft), 
■when It was calculated from ' the foiiowing Sra^tt^MS* : 'i ' . : . 



L " - 2 '73 - k . r 

S n 



^ P « pressure drop in psi 



i iisigirfc * 'in foot atinuZus -^.11^ ■ tr-.;- 



£ = -sand 

3 - • 

D 

5 -~ aydraulic radius 

° c 188 tnaide -diameter of ..casing in : lh6Ke#^^^f ^ 
? B ■ - outside diameter of -burner ' tube' r iri v 
« a constant '*'.*'- s 'C?- . *" ; _ . 



From the fluidization teats in .Well 120 36 *as calculated to 4.24. When 
expressing __ in kg/c^ a the formula ia thus ' -I 

£ ^ ; - • •- V..-- .. .. . ,- , .... . , 

''^.:'?.'.'-':-:---,-V-^' :KH~.jl' '■-•5- .» • . • 

• • D - n •• • •••• 

1 — - 0»23 (2.73 -'4.24 i'UJ^p^-ii^^-^;;^ . 

• ' ■ • *' w^^^^v^i:" :? -. " ' 
The difference between found -and ; =alculatS$r^|iire ' dtops^for the Gas-KL 2 
burners lies within the .error range.. y 

.flrop was -independent of. the usad f ; >hicH 'means that' "the 
fluidization point, had -been reached. ' '■'^f'^ll^'' ; "'l'"'" ' 

During these tests two kinds of .sand were .used,.''one hard : and of a high 



quart2 purit y frcni Siartshesn Xcalied;3 .'9) ^one ^ith^ aixture of soft 
arid hard minerals, also used for the packing of ^Icaaings (called P}„ 
The -sieve analyses were: . , ''^^"^^'■>y^^y:^y''-='^ : ■ 

mesh ajni ' : ' - : ■! . f • •■ ; 

18-35 0.5.-I : : 26.8Vv-^=H>>i?^ 
^35 . <0.5 , ■-■■'^.i'^r,^,^o.i..^ 

Average particle size, " '/ '"1 v : y.^,_-£.*- ; -v' f ' •'• 
Inch "' f ''V;o.o425 '''f 0*0553'"' 

»ie level of ths top of the fluidizedlfid^s '&^&te»nlned 'by sinking 
3ovma 150 aa (6") long 1/2" teat tube|ln^«|iwith: 5 » ••(l6.*5 ,, j'sand " 
•the tubs was hit very wsakly at tha iaone ;J*v e ^pnly at /the air rate, 
corresponding to 14 Tfoal per .burner: houri, (56 iQ(^^^h)^ With 6 m ; (l9'8") 
ssnd filling the Band fluldized M^ii£^B^^^^MU { m^^btim 
onJTable a. ,2 to 6 a (6 '7" to 19'S") pf^S^S^sed '^ith 4 to 0 » 
.(13'l n to 0) p sand above the s .9 sand. ^i^cpp^uAiaa^tr'Z in S sand or 
less in the bottom arid P sand" -on top 'therwf ^®^ctioii, because the 
f ine P sand particles clogged the jbottoni ' of -th<£ ^biiztiSpitube , : caused by the 
moisture in- the used .air and sotne collected .raterlin Itheicold burner . 
casings. ; • , . '^f^^^'.^yi^^^^ .... 

The tests shewed that the sand e^sioh " increased- *ii the air rate and 
■that the different sand mixtures gave *bout ^tha i^ame ^sahd expansion except 
for * a (13'1") S 9 sand and 2 B (6 ^j^^^ichSe-va. considerably 
Mgher.value. ' . ' y^^^^^^J ' ; ' 

The pressure "during the .tests varied daipang^ff^bm ^i02 to 0.15 kg/cn* . 
usually, with increasing pressure yariation^r|inoreasing amounts of .sand, 
increasing contents of; P sand ^■ios^i^ i ^--g^ i ) : ^ p^s^ 
variations- are shown on Table 2. • 'yfefc-, ■ . 



According to the above results aaand fixture of (13 'l") - S 9 sand and 



2 m (6*?") P send should give the baat •fluidizatipri.' -.rherefore, moat of : 
the burnsrs were filled with this -sand «ixture>bik'iven; -otter sand nixturas 
•sere tried. This is -shown on Table ^ togsther^M^e'aeasured sand ' 
expansion *hd. pressure. drop. . -These Sesta^gaVe'' sbffle^hat'dif ferent ^salts' 
than, the previous ones. With scme' ; akemptions^ ihey'ishowed'ai: increasing 
5and expansion for increasing amounts -of P: r sand 0 V': ' ■■ 



The obtained values of the sand bad ,6*panaion"!i^eU- : from"'l.75 to 2.15. . . 
These values -are such lower than .expected. ^Ho^verr it "is !not known' how 
the bed, expansion with cold air ; can be / compared^ f lua 
gases. According to the equation for tte^eulatiolLi^llbiMi .-bed expansion, 
derived from the sandburner testa in Santa Cruz, the'bcU -expansion for tha 
3as-KL 2 burners «ita l4 Mcal/b~h ; ^56.000 STU/b-h) ahd^.6. !n: (19 ? S'') sand 



.should be as- high as 4.02 ±.0.28.'% : - •' i : ^fi : ^r !: ' jWA:: i 



Lighting feasts 



The fuel was the same kind of g^lojuaed vin : «ie^previdua -Qas-KL test. It 
was determined that the burner was? Easiest lit* tilth J3 - 16 % air surplus 
abo>-e the stoichiometric fixture. "J At lower air contents the flame velocity 
was so high, that ths gas "mixture alm03t exploded W the burner tube, \when 
the flaro oanse into the tube. At air .^ontents|if ^rajlthah 116 £ and less 
fihan -68 ■% of the theoretical the .fiame ; ;iv4loci^ : ; : Wa^ ? : too low. 

It was intended to start the b«u^^|^^^"^i^%ilied with 6 & 
oranulus of send, Howaver, after ' '^^ut^^^iit^ i^'\Vt» burner tube 
coupling was locked, it was inipossible;: to' %lf ^e^aiehaUst'gas through the . 
• sand. By starting the burner asainst "different sand, it was 

found, that generally 'it could get sWted lag'alhst^t mora than 3 m (10 ') 
sand. It »ae also found that the sand ; 8asily plugged the bottom of tha 
Honor tube, if the -burner tube ttouplir^ was; taftafcmed: with gas on. This 
caused a sudden pressure drop in ^•'^^r':tab^|^-th8 >atid fell down 
immediately, and -*as partly prassed up;W.the'S tube. 
To avoid tight-packing of the sand tte^M|ii^i^^£ita»" be shut' off ' 
slowly , bsf ora the burner tube coupllng1-tt?ui»^^ : " 

An attempt was also made to atop the -plugging^of :fthe burner. tube by install 
ing a 500 iam (1*) long 2" socktuba (tested iiiv^i Santa. Cruz) and a 30 
mesh wire screen- to the annulus batweeri thi s &e burner tube. It did 
not work, bsoause tha -wet sand plugged ffloet ■ of ^^c^en- upenings . 

. NHrkea ; Kvaratorp V ) : juiy v 29 / 19to 
(Be^t. Persapn) . 



Table' l< : "yi> v ' 



A 0 Sand expansion 



Height of sand, meter annulus [' 



■3 9 -saad 



P sand 



Total 



.-•Air rate {$and ^expansion. 

. : oorre6p„ ;: Heigtitlof,: 
."to net muid*-bed v'-^.-'A 
? Mcal/b-h : ..^ffiA.-metatJ : S 



■ ." ia . ;V.• 
■?^1^'■*£; : 

Ha 

HgH4|gf 

HIPS! 



•JHo.7 . 

^0.7^ 



-.'•< ll6j 
1.70 
x 1,78 

;.. . lo67 

PI; 1.78 
i 1.78 

1! 2„04 
2„2Q 

1.78 
1.83 
-1.80 

i.67 
1.72 
1.79 




Table. 2 



FluidizEt ion teats in Gag-KL 2 burners ^ithair ' 
B. Fressura variations ' -• "v.^) .■ ^V'-^/^'V^'!^i.;.^v 



Height of 
3 9 sand 



4 
3 

■2 
4 

3 

'J 

•2 
5 

4 
3 



4 

3 
2 

6 

5 
4 

3 
2 

•5 
5 

3 



5 
4 

3 



sand, mst*r 
P sand I 



0 
1 

0 
1 
2 

6 
I 

2 

0 
i 

2 

■3 

0 
1 

a 
3 

0 

1 

2 
3- 

0 

1 
a 

3 

4 

0 
1 

■ 2' 

3 
4 

0 
1 

2 

3 
4 



annulua 
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Sand expansion -.end pressure^var^ 
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Height of sand, 
meter annulus 



3 9 sand 



P sand 



Total. 
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■^Preaauref.f 
Variation' 
.■;":■*. Icg/cm^^ 



y7^/0olo;>;^ 




i ■ ' ■ ■ ' 1 *5 -■?( 

.->;>'■' 0.20 



: ;f^^and expansion 



Height'of ' : 
fluids bed • 
meter ' ■• 



5.10 i7 
10.5, 



10; 6 



:^V: :; fll.8 
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Report . on LIHS "Burnet- Tsfet '^(katht ^ ' : "M- 



«** of tha bam*, thos. ,of ^^^Sri^^. „ lttout san(U 
«-.e tarnr ««»«, conned V#»I^ii.^:ii-.t.-.t. i»t off at 

ass . «ta i . ^^^^^mmi^^ 

(9 10 ) .ttd :Md mi^to-6» : *aigfii^^ 



m the u™, s Mre off ^t seCT ^^^^&^ig^:^^ r ^ 3 



-<mJ/o-h) «qs used, . : ■ , I :• ^ : v ^> 

««U. »» ton tnmrtad to .«^cgi^^r^i»^^2^^g^^r:;-.-5'--;-4^? t v.. . 'J, .:. ' ig 

tbua,a .-beat.' burner casing. ^Jg^ 
B 5 . and B & burnsra.eWd -no'da^^ 



■going to be used 29 tours 'a^^ probably 
*eakened by theraal contraction -du^ 

B 10 failure was duo to a supply tube . -burned off "at the csntralizers 0.2 >a 
{3") above the cone- ' . , '.^.^ - /. V , 

In B .1* only the supply tube could be pulled^ : J^^ burned ■. 

off. During the oper^ion and .af^^ listed 
difficulties occurred, vlsV - : *'-'r; :: ±^ 'V • 

A. Burner had to be. pulled because "'-of;- sand plug* ;iii.. burner tube during 
operation,. * ' ' /S->C : [^ : -'^ -^'Vt^ V 

B. Burner had to be pulled because of ; ; sand plug ,in turner tube after a 
shut-down. H' > ;, . 



C. Burner had to be pulled because the buroer|i^s: coupling could not be 
unlocked after a Ahirt-down^^ : " 

D. Sand plug in burner tube had ) to be ren^dfwiibh : :air^ -X (Burner shut -off,) 

E. \ Water -In burner casing had to 'be remove^iwl^^ c ff V 

' - Unknown reasons . . ;; : 

Th© number of each tjpe-#t - iiifiturbtoce • was : " ' " ' -J : 



Burner 


. A 








p • 


B 2 






' i . 






B 3 




i ., ; . 








. B A 












B 5 












B 6. 








;;: ; ;; / -:;tr , :fe;^:.;;;. ' 




B 7 


2 






•S-4yi?#;:;;:vi i- 




B 8 


2 




C '.?"■■* L : 






B 9. 


1 








2. 


B 10 








.:*v^:-W-:...V; 




B 11 


1 




1 




•1 


B 12 


1 






-• : r Vy^^j^" . ; ^ ]■ ' "-s ■ , 




B 13 


2 




1 




. 2 


B 14. 
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B 15 


1 








1 




10 


4 ' 






12 



The -following table -ehowa.ko «E»unt of hours '^buraora *ore off and the 
total cupplied net hoat input until . April .3^^703 hours, froa tho.fetart. 



Burner ' 0n # 
'- No. _ houra 



Off. hours: 



Heat, input ..; 



Shut- • .;' -,'fl; D, : p' ^vviiV-:; rr- : T6 
downs ■-■VeventslWS^^^ ^BEIT 



Reiarka 



B 2 
B 3 
B 4 
B 5 
B 6 
B 7 
B 8 
B 9 
B 10 
B 11 
B 18 
B 13 
■B 14 
B 15 

Average 
per burn. 



■319 
362 
"'33' 
92 
209 
3*3 
i>83 

^35. 

1.74 

123 

187 
375 
"29Q 
187 

260 



171 
171 
0 
0 

177 
.343 

219 

224 

330 
519 
327 

55 
518 



:' '4.15 ■' •', 

. 9j P.»53 2.1 '.^> r Caa. bui 




burned off, 
n it 

n ti 



it 

n 



3 • ^2*51 r^/io^Q^FT y 



thus 



but «1U aocn.be ««t^;^^ 

th* top of the nuidi^d ^'-e^^ 

th 9 burner tube or 3 to 5 a (10< |^160 .^^Sft^^S."!' ■ I, ' ^ 



Operation 



not inoxoo^d .in tto report ^.p^^^^^i^^^ 

..distribution.' ■• - • <*.,.;,:. , . 

Pigo U PigS 

wclla. The heat input la'-ri^tta net 'te&to^:^ _. ....... 

^^^^^^^^^^^^^^^^^^^^^ 



Tha toys of type "II .wora firat : 'start*d;; : ^ : thv^ / 'thosb i*lth : -2 al (6Y 1 ) of 13/6 * 

resist higher torsperatus^s than t&d other cbuld /" 

haatod under more cevars conditions Airing tha firat tino of test^a- .Fffimari- 
lJ * a ; good starting mathod ; l^^t6 j j^*otod ?out*^ 

B 7* 8, 9, 10, 12, 13, J4 P .15 tfejpa smarted April 2nd without aand and »ith 
tiie intention of adding 6aad,whoa,tlw first concteas^ 
boiled out frcOT tho loiter pa^ of .teo -bi^sr oaai^ 

with a haat input of 10 Maal per burn6r°hoiar (^Q 0 Qo6 ^/b«h)\ • Tho atari met 
the "mix 

Aftsr adjustment the burners ^^ ^eaiily ^ 
easily increased to IK Mcai per bu^cr4K3ur (56,666 

It was how .acsussd that -the watbr condensation in ^tiis bottom part of the 
casing cculd be pirevontad by -adding ecia^ iramediatoly of tfer 

the etart. .Era cond would fluldisa end obtaih Iradiation heat ffro© the 
burner tubs besides tfaa convs©tioh'heat"frcs going through 

Therefore, rcora heat should bo distributed to the bottom of the casing with 
caad than -without sand already at tlia atart of tho burner 0 Some water con- 
doaoation would anyway occur in tha beginning and, if too much sand was usad c 
thia could rasult in too wot sand and clogging of tha burnor tuba * ,Th* irate 1 
of boat input is also important,, A© already fiantioned &t least 14 Heal per 
buraer-hour (56*000 BTU/b-h) can be used inaioadjdf;10 Kcfel per bumor4iour 
(40,000 ETU/b-h) a /Therefore*, now atton^)^ ^ aarid 
but with a hi^hor hsat input were mado^ ^a/i^ find out, 

if the larg© amounts of water already eolloc^C^i.'*ho 1 buwwp could be boiled 
out at tho higher heat input o rid'^^J-^ /"J; - * V ; ' • • 

Tho busraera were lit at 32-hou» v uidr$^ to 14 Kcal 

pep bumer=bour„ After a few oinutas i;m (y$?) ,;3 S|ii^d:?jaa added to B ? 
cad 2 m (6'? w ) S. 9 aaad to B-8. Tho cMlr«a ^ l n 

(2" ~ 3*5 watar. .This was also the easa r.iwitli.B^, 1.0, 12,. 14 but no sand 



was added to thesu burners.' B 13, 15 still contained about 4,-5 m (13' - 16'') 
water. A new attempt . with a sock tube around the' bottom of the burner tube 
was also made in B 9. i; : ^^;^.^:c:' v ; : z ;: : V:';:: - " ■ , ' 

A weak rupture disc burst, after only 15 minutes so th burners went out and ' 
were not back in operation until after hours a |B.i3 was not restarted 
because it had already accumulated more than 7 ; ra (23*) water, thus above 
the burner tube coupling. ~wVv\-. ■ • 

B 9, 10, 12, 14 went out after 44 houi^s and B 7-£ 8,^ 15 were then shut off. 
The burners went out because ics was. formed in the orifice: plates, when the 
outside temperature was below + 20 C (36 a ,F)^ to the 

burners was choked. This must also have/ been ;the cause to the shut-down at 
20 hours. "\ y;? r'.'*" r \ ' : . 

B 15 still contained about 4 m water, bxii it had started .to boil out. This 
was indicated by the increase in the t exhaust \ gas' temperature. The other 
burners had collected about 1-3 ra water, the ^ smallest, ainount in B 8 with 
2 m sand. This was promising* and it Was. decided id restart the burners with 
2 ro sand. The trial with the sock tube Hn B 9 . w?^ because 
of too much water in the casing at the ;aiart^ first pulled 

in order to blow and bail out all the. Water and the ^sando A total heat input 
of 2,450 Meal (9.7 • 10 6 BIU) had been' supplied to the. burners . 



At first the bottom part of the burner, tube was sunk down hanging in a wire, 
part of which was fairly thin/. WhenltheTb^er^ bottom 
of the burner casing, the thin Wire ^as--^ pull, 
whereafter the other wire was brought up "to ^e^otmd in B 12 

and B 15 the thin wire broke before the buhieri^tfib^Was 'down. The burner tube 
was dropped, and fenocked out the bottom plateTdf^e^^ However, 
the bottom of the burner casing was succe^sfiln^ A 
rubber packer was first brought down to the boitb^ with 
1/2" pipes, and then locked so It * sealed 'the ^^^;#iKei i 'the 1/2" pipes 
were pulled the formation water (aboti^ 

cement was pressed down with air and^was iet - t^ (70 psi) 

air pressure on for a few hours* After ; 2 ^ 3 days f^e'eem^ting was repeated 
so about 1 m (;') of the casing was bbmented;^^ 

of the casing, which could result in "'the .-"braking o^tiiexement^ 'about 1m 



sand was placed on the t.op'of thc-cerifcnt and .above the sand a. 150 am (6 n ) 
long pieao of 2 1/2" pipe with bottom and top Plates which would act as tha 
now feottom of the burner casing. , -fhus, 2 ^(eT) of the 'casing *m* lost 
for heat supply to ths .shale. ^'iChe Wer tiibi ^s.'ttenrchortehed 2 m from .- 
10 to 8 a) (32'i0 B to 26 T) with tha'; burner tube couplins placed 2 m below' 
thp cone, so the ccne ; still wou i<i-^ 

part of the burner casing." :; " "' '/- :: - r% '- -; ■■ ".^'S-y-y- :: --S^ 
75_-_22^_hou^s from start 

B -7, 8, 9, io, 13, U were restartad wl^-a heat input ..of 14 Meal per burner- • 
hour (56,000 .BEEU/b-h) cn April 5th at : 75 hours. ; After 'half "an hour 1 Vs 9 : 
sand WR3 added and after another 30 minutes the amount of sand was increased 
to 2 m (6 "7"). The pressure drop through the .burners iiicrsaised steadily froa 
about 0.85 kg/em 2 (I2psi) to about : 1.00 -1.10 kg/ci^ (14 -. 15.5 pal) due to 
the condensation of about 2 m water .'in tha j burner. casings. However, 
simultaneously the temperature 'of .the .exhaust, gaV ; increased to above the 
• normal ^ffiw point of 

began to leavo th6 burner." aV 101 hcursTllitouM^ 

pressure dropp and temperature "of the exhaust gas Ud decreased so the bumes-o 
contained less than 1 m of watsr^ 5 ^TOfore.,; j .a^^_. > l v »,of S 3 sand \aa 
now added. The amounts of sand was;then Increased ® 4 ia (l3'2 w ) at 111 

was added at 111 hours, * m «and; at 123 

burner went off again at 13^and l^lhours^:^ last * 

time the sand was so wet so it elogged th* burner , tube. The sand plug was 
released by pressing through air of 5 kg/on 2 psi) pressure. 

When tha sand fluidized, the pressure drop varied 'rapidly'.: usually in a range 
of 0.O5 - 0.10 kg/era (0.7 . i.4 p8l y a The burner could also b® pulled by 
hand.. It was frequently checked by pulling it a few millimeters each tins*. 
The burner sank thsa down by itaaif. . However, B 9# 10 and"l4 did not do so, 
and thsy had been. pulled altogether about 0^5 m (i'8 n ); J* was tried to 
blow down 3 14 with -5 kg/cm 2 . .( 7 0 ' psi) *h£%to^;£^'-* m this pressure 
was insufficient to get the wet sand .jti'^bpttonij'to. fiuidize, 'so the burner . 



so much that the burner had to be shut off at ''j$9 ^^h6^ "to f jiuil the burner 
and blow out all tise sand and water.' It was restarted at 155 hours with ~j> «s 
sand and filled to 5 m isand at l6a. hours- At 198 hours another ieter of sand 
was added to the burner*, P sand to B 10 and 3 9 to the others. Tha sand 
now fluldised to 11 - 12 m X^'-^o;) above the |bpttom : of the burner casing, 
corresponding to a sand expansion of about a. As • sbne Band had clogged on 
the burner casing above the cone level and fdid not /take part' in tha f^uidi- 
zation the true expansion was probably te&sr.'*^*^-'' ' ' ' 

Because of the good results with the started burners , B *,B5 were started 
at 15* hours, B 3 at 155 hours and B a^B' 6 'a^ai^jxours:'^ 3 m sand was added 
to the burners within half an hour after tha ^at^;'; - - JTha-amount of sand was 
increased to Vm after 20 hours, ' 5 ''m^ft^W^^ ; '£ P 'B 2 B 6 and after 
hours for B 3»' 5 and finally to" 6 n aJter'^^fey&^for "k a, 6 and after 
55 hours for B 3, 5. All the burners seeasd'to'wdrk fine with a sand fluid! - 
zation to about 12 m above the. .bottom of the' bujpneV tube tha shorter • 
adding time for the sand in B 2, B 6 seemed to be adequate. X 



B 4 was an exemption. Hie -temperature/ measured'-in T \ B with thermocouples, 
showed I10°c (230°p) at -22 and 3a ; ^a^and l($^;^lb^ground surface and 
120°C <2>|8°F) at 30 m (SS');^ecame}^5to^ had been 

supplied to the adjaeing cleotrieal haeters in Row 87. Already at 8 hours 
from the start the temperature was 38Q°C (717^F) at 30 ou Therefore, 1 m ' 
S 9 sand was added. The temperature toeraaead^Pto'bfioV at 10 

hours. Then the temperature increased again, and->t^ 21 hours it was 520°C 
(968 F) at 30 -b. It was feared that the 'flame ,waa ;^in! ; the boUom of the 
burner tube but checking it by unlocking ;th« 5&i|^bibe^coupllng and by 
tamperatura readings in T 4 B showed '^f^^^u^^bm cone.' Tha :' 
heat distribution at this time. is shown ' ; <mVig5£fiji is interesting to 
note that tha' lowest temperature of ;100?C ; ^ below the 

cone and that the temperature .at 30 m ovStU^^^y^fibk'taM 'was 285°C 
(514°C) higher than at the cone. After another^ lifhours(l86 hours) the 
temperature at 30 m decreased to A50°C (842°F) i^u^it 38 hours (192 hours) 
tha burner casing bumed,off. . The burner tube ^coupling obuld not be 
disconnected and the burner' could only : ; be"p^ied1afni; (6.5 Thus, the." 




bsc-n drilled straight imd ^ that : it;ha^ 

by in ths burner casing at this deptho - : There fora^ the casing was bent her© 
end tha burner- tubs had been in direct contact with it which caused .the- 
high temperature. Only the top Joint of -the supply tube could be recovered. 




voiding of the cGntrallzsrs / Before the faiii^ fiuldiza 
the sand above the con© and there was water ' bubbling in the * casing . 

Ice fanning in the orifice plats was prevented these at the top 

of the supply tafce and protecting 1 them, with eacks' d^ixis the nights so the 
warm ezhaust gaass warsned up tho plates 0 However'i{ r ai ted -times ice was. 
fcrned in the orifice plates so two bumera went each -.'time* 



22^ ="5§OJiours from start ' ' ■ ' f ' '? ; t " ■ 

Because of the last burner failure B 10, it Was feared that the heat input 
•was tec high a Therefore, it was decreased to 12.5 McaiTper burner-hour 
(50,000 BXU/b-h) at 22** hours i~ HdweverV/teo ' itore;' culi^^jrailures in.B 5 
■and B 1^ occurred during this time .7-,. ^/T''y r %C^^^^y'~. ;■ 

B 5 burner casing -hurnbd off at 2^6 hours* The ^buralw-'Waa easily pulled end 
■it showed no dam&es or corrosion. - The- sand/ 7 presi^^ data 
had not -showed -any -abnormal valueso : f&erefoM r na w -can 
be giv@n to tho -failure o It can only W'asstmd r 'il&t : a weak welding seas 

B -1ft buraor eeslng a&d-T 14 B ; teaperature casing burned-* off at 3^1. hours,, 
The bturner tubs coupling could; not be vidosened : aad even the whole burner was 
-stuck. Only tho supply tube was pulled is I** .lib-. ^asbh ; is^lsnowh for tills failure 
either. The heat distribution was determined: at * : 175 and 2*K) hours and was 
fairly even m shewn on Pig. 1* The lMt"toinpQrat\are reading .was taken at 
3^6 hours only at the - cene level "tod was C (82V F) i tfc&s not particular 



abcu 




to -.5 -ra {13* to"l6*) above 'tha^coaoV ^Eov*ev©r^ tho 'casing was collect i^w&ter 





tube "cnd"'tlaid fciinwi^t^^ 

the- sand blo?fn out. Xt'rcas-'not roatartad until .581 hours; because when it ■ 
= «as ready for restart, one of th© compressors had -to .be repaired and the - 
ether cosprcsser aculd dolivor air only for 8 burner et 12*5 "Heal per buraa'r- 



B 12 and -fifitta-'ths osssoutcd tattoo*-' of tSs® ; 1bMa?n»*?, AasinaB ! restarted 
with th© 8 m (26*3") .long burasr tub^at^ £8? 'aSill^^ihbws ^rasp*/ 3 a. (10 *> 
23 9 sand was addsd iorasdiataiy after the start \ai^ t^ (13'a&d 
16 *) of -sand -at £5o .end 5Q0 taura-rssp^ already .- ; 

at 304 hours ssator was bubbling in ^t^^a^^ s ^ ld ' 

was so wet that it clogged tJao bottom .of ;tfca^bia^ -shait 
off 5 and bscauso the sand plugs .ooui^i^ the 
burners thoyweire pallad and rail the v?dt s^d was ^^ 
The - sand was probably - paused - into the^burnar too.'.oooft /aftw -the .start • 

At 325? 409 and 41^ hours tha 3 to 8jjurnera^ta" houra 
h of tho 8 buraars went out cue . to -powe^ 

-gas mixing equipment. ' After tho ehut^dq^^^ J^fftA-, 336-- hours tho ^burners 
wero rsiit against tha sand, h0*faveriL#lishi for B 6, J, 1? 

• . : •„ '^^^^■A- >5 i^? : i^^ :»^-..fhi»*J^ 

a* the last tlsao. Thsy had to bo ^ffpi^di^ fcftcaiisc ths 

sand did not fluidisa. Ths sand had cloggsd tho" burxisr tubes, and. the sand 
plugs wero pushed out with 5 kg/ca air pressure o :'• Howevar * B 7 had to be 
shut off a$ain at 400 hou^So Tfc© oand plug of wet fcarid was ncN so hard so , 
it was impossible to ramovc i^ with air* Tto burner had to bs ,pull«& and all 
th» sand was then bloiesd out. At the reinstalling of ths burner the bottosn 
part of tho burner tube was dropped and fehoeked out the bottom pl&ta of tho 



busner caning. Therefore i the ■ casing -had ;bo sealed >Ith;eej»ant in the. 
<-oea» way aa was- earlier eW-wlttiB,^^ 

before. -*ita.B 7. Thus all the' sand" had- to^be ;'r^aj^(i;ai : 251 teurs^l»cawje • 
there was too mush' water la the csfillJsJ'KltiV^j^^^f^* ^ hours with 
•5 m's 9 issnd and filled up to 1.5 and '6 b 3.9 sand at 271, M ; : aad 286 -hours 
resp. After 409 hours only B *,';3£8 ,co^^f^^^iM^le. the tairnor 
tube couplings in E 9» 13 could not be unlocked and the.. Band plugged the 
burner tube in B 6 so hard that it. could npt.^^reoowad «lth air precaure of 
5 Icg/em 2 . After the -last- ahut-dera.hotjex^ 

•against the eand. .' It ol^^^^^^^^^^^^^^ a ^;.^:-.[ 

•tfaleaood with air but the -^^^}^^^^^M>^M ^ ^ 
..Mas raraoved. 
/ : all the. sand. 

because enough sand vjaa.not 

delayed. • , : 

This long efeufc-dowa was very aioguatlog -because . ^touraeiw. 'With, »**- 
tioned exemptions, had been running. t*} 1 ..^:^: 1 ^^™^^' 
2-3 e (7* — 10*5 above the- coneWThe^ 





580 - 708 hours •' -.1; l: . . ,-;ta>nw\ ' ■ •." •': 

. ...... ^j&wf^^,^ ■ ' -' 

B 2. 3, 6, 8, 9. 11, 12, 13, 15 wore tstarted^betweea 580. and 581 houre. 3 ■ 
S 9 . eand was added - iimKttately of terw^ thon in_ 

creased to - 6 a with one mater ' eacfc :tinw^$^ for 
B 13. At these, fillings different en«iftiht^^ called 
P3 sand was uoed.ln 3 6, B 9, ; B&1* B12 j^^|i|^-or^r to investigate, 
• If a --smaller sand size would \^^ytm^ti^Li£i^^0^^p^' ' ** ' '•" 

The sieve analysis of the ESioandr 

• ' ■ 

>10 ,Keoh or >2 Baj^^flil^^ 

-16"- 18 " i" "-"2 



18 - 35 




IliiiflP 




•v; v.; ; ;Th« average* partiblff;aiigf 



The rc«uU3 of these tasts cannot bs obtained until next cionih. 



bubbling ^ woo ^ WOT ^^^^^ ww _ 

cf the water in tho bottom of tho casing by adding the 4th ehd 5th ra ■ -already' 

v^. :v ^ the, radiation.. heat to tho oand from 

■'• " t: ' : tha ^Pw'Wt'^ 

■and .tho humor had to bo shut off again -at 686 hour3c 1 ; 





55.WQ Bl^-h) at 605 hours. : 

:«j$gnotofe : 13-m^countea 5 ^ 
given because unttetoxained eaounts of sand had been loot through tho exhaust 



gases. 




burner showed no daaaga.:" burner could •^^••^M^«f:lBTOm , ?^uW 
thus 20 hours after ths last ra start, it wars found that the theraocouple 
could not bo moved in T Vi B tcaperaturo casing. Thsre nust have been sone 
banding of it, pi'obabiy caused b? thermal otress and stele expansion on the 
caning during ths long shut-dewn botwoen 4l4 tad 580 hours. Thors had also 
been lota of trouble with watar bubbling in th* buraos" casing. Despite water 
was blown up several titoea with air, ths aand navw baceao dry even if it was 
fluidizins iali right. ' 



B 7 with a counted bottom cf the burner casing and with a burner tube 



shortened to 8 m ran stas*t6d at;"63 j * hours o ;a -S 9 send was added laanedlate- 
■ly and. within 10 hours it had received- 6 ra 8 9 .sanda; ; : 




Narkes Kvarntorp, July 19& 
(Eengt Persson) 



\ 



Gas-KL 2 



April i960 



tmst Eurasrs Heat input 

Pats. Hours -amount Ace net 
April from lO^Meol 



; Remarks 



start 



8 



1 O 

2 8 

7 0 

8 8 
SO 2 



24 



39 7 
*1 7- 



B 7, 8, 9, 10, 12, 13, 14,. 15, those 
of type II Gtsirtad without sand. 10 
Mcal/b-h. They were difficult to 
light. It took 2 h. 

Off whan h.i. incr. to II Msal/b-h, 

On a 10 Mcal/e-h. 

Off when h 0 i; incr; to 11 Ncal/b-h Q 
0n o 10 Mcal/b-h. 

All burnars exespt B 13 and 15 offo 
3 - 4 m watsr collected in biasings, 
H. 1 o incr o to 1? Mcal/b-he 



K2 



t 



B 13:£nd 15\offo Gas-sir mixture out 
of control o. 

B 7, 8, 9, , 10, 12, lh, 15 on 0 Thay 
had been started at 32 hows but a 
rupture disc burst . 'after 15 alno Th© 
water except 0.5 - 1.0 o had been re- 
moved but not in B 13, 15 . 1 en sand 
added to B 7 and 2 m to B 8o B 13 
could not got started 2nd tlm -because 
the water was afeoyo b-tube coupl. 
Sock tutea Installed in B g, Leakage 
of Hg in .gasmanomster was discovered 
end tightened. Therefore, too much 
gas had besn used ealiero Heat input 
1* «cal/b-h 0 

B <? off, pn t aftcr a tm minutes. 
B 14 off. On V " n » 
B 14 off. -On " « « « 



Gajs-KL 2 



u c — e 

April i960 



TifcQ Eurnsrs .' Bsat input 

Data Hours r-K;a?mt . Ace„ net "Re&ax&a 

April frora iq3 Heal 

start , "',".'•*■■:' 



4 ii/i 



0 -2**15 B <?, 10, 12, lft -wmt out when tfcs gas 

•■ Supply was choked b^cnucc ice 1*33 . 
formed in tho orifice plates -at cut- 
side tacjpo lonor than + S°G 0 B? fl 8 4 
15 t*cro shut cff.' B 15 still con- 
. twined about % xa K&tw. Hie others 
had collected up to -5 d water, least 
in B 8 with -2 *n caiid. 

75 6 .B7i B # '9, 10,. 13, I 1 * started with 

< 14 Hoai/b~h«. 1 cr-sand addad after ■ 
. 1/2 hcufr aiid another n (« 6 m) added 

• after 1 hour from Bt&rtv Tho -aisount - 
of--.Q€zuL was thsn aontincusly incrassdd 
to 6 in.' \ : 

,, Ths burners; ' had baen tnAllad* the 

water blotori out, the orific© ,platais 
. moved clcsbr to the top of tfca b- 
-../casing -and- duting nights covered with 
■ ;: ':-aaolw to : av>oid ice-foraingo 

. B 12 p 15 burners wara droned in b- * 
baaings bo tha bottom platan vicsrs 
knocked; out, 

^ > ^H(bffi; On after a few ralnutfes. . 

53' 6 • i W ba;/ a 9 off. On of ter a few 

• .minut«s.i '' 

9* ' 5 ' B4.fr off. ' ■^• -' 

97 6 3 If on. ■ 

•58 5 .B-li -off;: n -" v 



Tiaa Burners 
Date flours anount 
April f?ora 
start 



6 
7 



8 



S9 
155 



6 
5 



141 

l'*5 
1^9 



4 

5 
6 
4 



Heat input ' ! 

Acs, net Remarks 

1Q-* Meal 



152 
.15^ 



5 
7 



B.14 on. 

B 9 off. Could riot unlock K-tubs 
• ooupl. . • ; 

B l^ cff. ! On artar a few minutes o 

B 1^ off* Sand plug in b-tub<2. 

B 14 on, ; 

B 9 on* 

B 1^ shut off to blow, burner do^ri 
0„5;m to bottom of b-cssihgo Could 
■ not start It then, bacauso sand plug 

in b-tubc. wfcs fonsed. Had to pull it 

B 8 shut off /It had collected too 
'■•S'J'fM ffiuoh water » ! ^.Stod s and water had to be 
-L removed;,^ 



- v . >...., ; to- ji-j !. 



192 ■ 


... .7. 


196 


3 


198 


.'8 



B I? b~tuba coupl, I 
b4 burner casihg burned off, 
B 13 on 0 

B 13 offo On after a few -minutes. 



TIrac Buvt&ro Hoat input 

Date Hcu^s -esicuat- Aoc* net . Reaarks 

April froTa 10^ Jfeal 

start '•■ ■ ' - ■ 



11 S07 7 B 1? off* ) ■ . 

2Q8 8 B 13 on.: 

211 7 B 13 offi; Icq in orifica platOo 

- ' -212 3 • 7 ,B ;13/6n.^ : ; ^^ v-. - . 

2lk 8 B 13, 1^ off - Vies in orifice platen. 

On after a few rainutse. 3 1*V on by 

waxroed up. ; " 

2l3 10 . . \ B 2, 6 started ^ m isand, then incs*. 

; .1 - . to 6 m«-'--1V : 

222 9 j B 10 burner casing and supply tubs 

bumed'of^ 

Q 17.06 .- Heat 'input :Jdecre^ed^to ; i2»5 H»caiyb4io 

12 2^ 10 B 11 atartado 3/m sand* Sock tube 



• on b~tubei . . • 

&6 9 . • - ^ - B 5 burner casing burned off* 



2k® 8 B li off ♦ Sand plug in b«=ttibe 0 

251 7 B 7 off.i c • " ■■■ M ".. . " 

13 266 , 8 -'. r BT on;f; 

1^ 287 .9 ^v' ; 12,pnvi3 n sand, ttem. ; ittcr. to^ 



f' ' Qas-KL 2 ' ^ ■ ' ■[^■^^^ 



Tiao -Burners 
Data Hours amount 
April from 
start 



itoat input 

Acoo not Reoay&s 

10? Meal 



10 



356 


4 


B €j 7. 9» 13 eff . : Cos-alr roistus's 






out of control, " ■• 


337 


8 


B 6 3 7, 9. 13 on. ... . 


333' 




■ ■ t ; B 6, 7# ; 15 Qhut;off. Ho fluidlza- 






%±oti. Sand plug ih.b-ttsba removed 






With .air« 



3^ ..^A;^:^^ •■■ 




4oo 
i(09 

4i4 



2? 



26 



580 
581 

598 

602 



5 
9 
8 

9 

8 



; ^ ; All. burners ..'aff-J- ■ ; das-air mixture out ■ . 

' : W " :; .''T '-' of. 'co'lVtrtl^^^ * ; " ! "'~* : 

B 2j 3j-8 on. Could hot loeaem b- 

35.70 . B 2, 3, 8 off. Pcwar off during 2 
' ^^'V:. tours^^ the- burners 

againa^ tha sancSo All. burners had to 
bo pullad to blow cut the sand. Ho 
. . : .now sand-; available' bscaiuia? of late 
■ ; - delivery* ' 

B 2, 3* 6, 8, 9 oiu 12 e 5 McalA>-bo 
B 11, 12, 13, 15 oh. 

; with air b 

. - -w-^^^B^ shut of f . ;;Mo ; fluidization. ' * 
; 4 ■ y ■. -;\ ' -Blown " with air * "■; ; ■ 



Tirca Eumsra Heat input 

Data Hours -.an-ount ... Aco. net -i 



26 



€03 
605 
607 



9 
9 
7 




B 13 on.; 
14 Mcal/b-h. 

B 6 burner casing burned qfff . 

B 13 shut off .No fluidization. 
Could not restart B>7* B 1? 



B 11, 15 off ^ Unknown Mason. 




.-||\ s . ... . 

tSKlSiM" 2 ^ '^"^ (192 i-^ 6 -BTU) ^supplied 



FP/Bnm 
29.7. 1560. 




: •• /5 r <S^— A.:-H?';> . • . . . 



A P R IL- 




Gas-KL 2, B 2 



•B 2 - 2 
•May, i960 



Time 


Heat 




Sand 






Temp . 
Exhaust 




Date 


Hours 
from 


input 
total 


Amount 


Pluidlz. 


Expans . 

0 /a 

B/A 


Pressure 


Remarks 


May 


start 


lO^Mcal 


A m 


±y in 


kg/cnr 


gas 
°C 




4 


786 
79* 




4.0 
5-1 


13.4 


3.4 


1*85-1.95 




~^ 




798 


j * ^j- 












S 9 sand added. 














Off. Gas -air mixture 




""''TO ' 
800 






1*.3 




1.85-2.00 




put - of _ ?i control 


,-...5 


817 


5.66 
















•^822^ 














.12.5 Mcal/b-h. _ . 








* !T- ; V- = ; ■*: tiiTr 1 ^ *J ■ 


















U •KJ 












7 


856 
870 






12.7 

14.4 


2.1 . 


1.86-1,90 

1-80-1.90 


56 
60 




8 


894 










1.70-1.85 


58 




q 


902 
908 
910 


6,72 




13.7 






58 


14 Mcal/b-h. 




6.84 






1.75 -i.90 


waxer oxown up 2 times 


10 










\ 


12.5 Mcal/b-h. 


942 
952 




4.0 
6.0 


13.6 

14.2 


3.4 
2.4 


1.65-1.80 

1.80-1*QS 


'58 


o y 3 anQ • 


11 


Qfif> 














ocuiu. pj_ug ax* ±0 m re-* 


















966 














moved. 
















Sand plug at 17 m re- 
moved . 




1013 


8.14 


4.8 


13*0 




1 *7^_"J on 


, 5o .-^ 


■ ■ . ... -.i'l}'-:. 






6.0 










Off. Power failure. 




1028 




15.1 


2.5 • 






On. a 9 sand. 


14 






1.90-2.05 






1051 


8.57 












Off. Air failti-r^ 


15 


106? 






































On. Sand plug in b- 
tube removed with air 


16 
















before start. 


1094 




.5.5 


13.0 


2.4 , 


1,80-2.00 


.58 










6,0 










17 


1106 






14.0 


2.3 


1.85-2.00 


58 




18 . 


1130 
1137 


9.50 




14.1 




2.0 -2sl 


58 


ooiiu ana. wauer plus 
at 16 m removed. 
Shut off for install- 
ing of 1.5 m coupling 
tube. Burner tube 
coupling had been 
leaking. Upper part 




1140 




6.0 










badly erroded. 














On. 3 9 sand.. 



Gas-KL 2, ,B 2 



B 2 - 3 
May, I960 



9 



Time 


Heat 




Hours 


input 




from 


total 


May 


start 




19 


115* 






1170 


9-87 




1171 




20 


1184 






1187 


10.07 



21 
22 

23 

24 

25 
26 



27 



28 



29 




1192 
1202 
12*5 

1260 

1274 
1298 
1327 

134lv 

1346 
1350 

1354 

1370 
1371 



Amount 
A m 



5.6 



6,0 



5.9 
6.0 



5.1 
6.0 



Sand 

Fluidiz. 
B m 



14.5 



14.6 



Expans 
B/A 



14.5 
15.0 

15.3 

15.0 
15.7 



1^.5 

14.7 
14.7 

14.9 



2.4 



2.6 



Pressure 
kg/cm 2 



2.0 -2.15 



1.9 -2.0 



2.4 

2.6 
2.5 



2.9 



2.5 



2.0 -2.15 
2.05-2.1 

2.05-2.15 

2.05-2,15 
2.05-2.55 

2.6 -2.15 



i2i05-2*15^ 
(2.0 -2.1 

|2.0 -2*1^ ' ; 

U9^id ; ^ : 



Temp. 
Exhaust 
gas 
°C 



58 



56 



58 
57 




58 

^ 58 •• : 

. 59 

i;'«sf::.i-,-^;-. 

: 59 




Remarks 



Off. Gas-air mixture 
out of control* 
On, 

Shut off for clean- 
ing of mixing equip- 
ment * 
On. 



Sand plug at 16 m re- 
moved 4 



Water and sand plug 
■ at- 12 ai t^nteved/^^ 



Sand plug at 14 m 
removed . 



Sand plug at 14 m ; ; ; 
removed/; 

Sand plug at 13 ni " ; 
removed . 



"**""" 't^aiag^ 'of '^i 

gases through burner = 
casing. A rubber -i. r 
packer was pressed S 
down to 14 ra when it 
was stopped probably: 
on a broken welding -ji 
seam. The burner ~ f| 
pipes were undamaged"*: 
There was soinei cortfo-! 
sion on the coupling - 
tube and there had = : 
been a little leakage 
. through the burner ^ 
, tube 1 - coupling V'^'^fi 



i Time 


Heat 


Sand 






Teihp. 




! Date 


Hours 


input 








Pressure 


Exhaust 


Remarks 




- from 


u total:.";; ;. 


Amount 1 




Expans e - 




^gas jg^ejK i 




April 


start.: : 


vi.iu<:ficai . 
































8 


155 


0 


3 










£tartV~ : '"l4~ Mcal/b-h." ^ 


















S 9 sand. 










^^^^^^ 












: '^172 Vi ^ ■ 






h 












17* 




4 






1.38-1.45 


1 61 ' 


1 uiS 9 sand added. 


10 


196 






11.3 




1.40-1.45 


60 




; 


198 




5 










1 m S 9 sand added. 


i 

1 11 


210 




6 










1 m S 9 sand added. 




222 






12.8 




l.oO-l *90 


ol 




t 




0 Q7 


i 










12 S Mcal/b-h. 


: 12 


250 ! 




■ 


11.0 




1.80-1 -82 


63 






252 • 














ft ^ m & Q R»nfi adri^fi 
VJ . „ J ill 0 ^7 o axiu auAjicvj. « 


; 13 


272 


\ 




12.0 




1,80-1.90 


61 




i; 14 


296 ; 


'! 

i 




12.5 






59 




i 

i 15 


JCSJ i 




i 






1.72-1.80 






i 




{ 


2*23 | 


' 








\ 


Off. Compr. stopped. 


5 16 


329 ! 


i 
1 


i 










On. 


I 

t 


334 i 




i 


11.0 




1 .60-1 .70 








346 




t 

1 


11.5 




1*55*1^70 






j 18 


385 






11.6 




1 .73-1 ^80 


58 




! 19 


top 










i 78-1.82 






1 




409 


3.23 












Off. Gas -air mixture. 




















out of control; 






410 






• 








On- 






414 




























1 






nn+ ^taTt. affa"Lns"t the 




















sand. All sand Had to 




















h>#» bl own out . 




25 


580 




















j 584 










1.0 


56 






26 


; 589 




4 


i 
J 








1 m S 9 sand added. 






\ 593 




5 










1 m S 9 sand added. 






i 600 






11.0 




.1*47-1.52 


56 








i 604 




6 










1 m S Q sand added. 






605 














14 Mcal/ b -^- 






609 






11.6 




1.70-li80 


59 






28 


642 






13.5' 




1.80-1.90 




Wet sand. 






654 






12.7 




1.83-1.95 


58 


Dry sand. 




29 


668 






13.4 




1,78-1.85 








30 


708 


5.00 




12.7 




1.60-1.75 




During April! 
















On 382 hours, 




















off 171 hours. 



Gas-KL 2, B 3 



B 3 - 2 
May, I960 



Time 



Date 



May 



Hours 

from 

start 



Heat 
input 
total 
lO^Mcal 



Sand 




Temp . 










Pressure ■ 


Exhaust 


Remarks 


Amount 


Fluidlz. 


Expans . 




gas 




A m 


B m 


B/A 


kg/cm^ 


°C 






12.2 




1.65-1.75 




H Mcal/b-h. 








1.80-1.90 


•0.6 m S 9 sand added. 


: 


13.7 






Sand plug in burner 












casing blown out. 


3-7 


13.7 


3.7 


1 fit; 1 CY7 




Water in burner casing 












blown out. 












S 9 sand added. 












Off, Gas-air mixture 












out of control. 












On* 




15.5 




1 ,90-2 .00 


- 






1 

i 






12.5 Mcal/b-h. Water 




13.8 








blown up. 






X • ( U— JL ,QU 








3a 




57 




o.u 

i 










S 9 sand 


: 

! 










Wat st* blown nn 


[ 

1 


13.5 


2.3 


1.75-1.90 


5.8 




i 


13.9 




1.75-1*90 


68 




| 


14.3 




1,70-1 480 


66 




1 

1 








t 


Burner casing burned 












off. Could only pull 












Supply tube , A rubber 












packer was stopped at 












8 in, probably at a 




i 






weld, which might have 




i 






burst * . Thus , only 










a weld failure. 








t 


During May the burner 




i 






was oh 193 hours and . 










off 1 hour. Totally 










it had been on 575 










hours and off 172 


| i 
> ' j 






hours • 



8 
9 



748 
749 
758 

786 

79^ 
798 

799 
800 

817 

822 
846 

850 

856 
870 

894 

902 



6.26 



6.51 



7-57 



Gas-KL 2, B ^ 



B 4 - 1 
Aprils I960 




12 



240 



^b^j^lng 

tube was probably in ' L 
contact with the bur- 
ner casing at 30 ra. 
because this was bent 
here. It wag later 
learned that the drill 
hole had not been drillr 
ed straight and that 
it had been difficult 
to get the burner tube 
by at 30 m at the in- 
stalling. 

T 4 converted to elec- 
trical heater 88/88; 



Gaa-KL 2, B 5 



B 5 - 1 . 
April, I960 



Time 



Date 



April 



Hours. 

from 

start 



8 

9 
10 
11 

12 



154 

162 
174 

196 
198 

210 
222 
224 

244 
246 



Heat 
input 
total 
10 3 McalJ 



O.98 
1.26 



Amount 
A m 



Sand 

I 

Fluidiz.j Expans, 
B id I B/A 



4 

5 
6 



10.3 

12.3" 
10.5 



Pressure 
kg/cm 2 



1.00-1.08 
1.33-1.41 

1.35-1.40 
1.57-1.60 

1.70-1,80 

1.65-1 .70 



Temp. 
Exhaust 
gas 
°C 



61 
61 

61 



58 
60 



Remarks 



Start. 14 Mcal/b-fa, 
S 9 sand. 

1 m S 9 sand add d. * 

1 m S 9 sand added. 
1 m S 9 sand added. 

12.5 Mcal/b-h. 

Off. Burner casing 
burned off. Burner . 
easily pulled. It 
showed no damagae or 
corrosion. 

Burner had been on 
92 hours. 



m 



Gas-KL 2, B 6 



B 6 - 1 
April > I960 



Time 



; Date 


Hours 




from 


April 


start 


11 


218 




222 




224 


12 ■ 


238 




246 




2W 




AC O 

252 


1 ~T 

i-P 


272 




296 


15 


520 




325 


' 16 


330 




.33* 




336 




337 




- 338 








346 


18 


' 384 






19 


402 






25 


580 




584 


26 


589 




593 




600 




604 




605 




606 


i 


607 


i 

i 29 


670 



Heat I 
input j 
total I Amount 
logical! A m 



Sand 

Fluidiz.! Expans, 
B m ; B/A 



treasure 
k^/cm 2 



Temp. 
Exhaust 
gas 

°C . 



Remarks 



0,08 



1.35 



1,42 ! 



1.44 1 



2.29 



2.60 
2,63 



4 
5 
6 



4 

5 



11*5 

12.0 

11.5* 
11.0 

10,0 



11.2 
! 11.2 



! 11.8 



.10.5 



U.7 



i. 05-1*10 

1.56-1.61 

1*70-1.73 

) 

1-70-1.80 
1.60-1.70 

I 1.60-1.62 



j I.60-I.65 
I 1.65-1.70 

I 1.75-1-80 



I 1.0 



1-45-1.48 



70 

60 
60 
58 

61 
58 



60 



60 



60 



Start. 14 Mcal/b-h. 
5 9 sand. 

-12.5 Mcal/b-h. 

1 m S 9 sand added. 
1 m S 9 sand added. 
1 in S 9 sand added. 
0.5 S 9 sand added. 



Off. Compr. stopped. 
On. 

Off. Gas -air mixture ' 
out of control. 

Oh; - J 
Shut off. Sand did not : 
fluidize. Plug of wet < 
sand in burner tube 
blown oiit with 5 kg/cm^ 

! air. - \> 

j On. 



0.5 S 9 sand added. 

Off. Gas -air mixture 
out of control. Could 
hot start against the 
sand. All sand had td;| 
J be blown out; 

I Oh. S 9 sand. 

j 
1 

i * 

j 1 m 3 9 sand added. 
1 ra S 9 sand added. 

1 m PS sand added. 
14 Mcal/b^i. 

f . 

Off. Burner casing « 
burned off at cone : \\ 7 :j 
level, 21.8 ra. Pulled/: 
j burner showed no damagd 
Burner had been on 209 
hours and off 180 hours 



T 6 converted to elec- 
trical heater 89/91 . . 




; V-'Gas-KL 'g^fi 



■ Time 



Date 

I April 

t 



Hours 

from 

start 



; >HSat~;^ 
" input 
total 
lO^Mcal 



Amount 
A m 



Fluidir 
B m 



Expahs 

B/A ; 



Pressure W 



; Exhaust 



: - Remarks ---•^.■■-^•^ 



„ -^ T - - — .,-■=*--„- ~> — — nf^-y 

to 11 Mcal/b--hr 
On, 



Off when h.i. increased 
to 11 Mcal/b-h. 
On, 



Off. About 4 m water 
in burner casing* 
On, All water except 
0.5 in blown out. 14 
Mcal/b-h i S 9 sand. 



Shut off to blow out 
all water and sand* 

Oh. 

S 9 £and. 
S 9 sand. 



(ft) 



2 
5 
7 

.8 

20 
35 



13 



0.06 



0.18 





36 




40 




42 


! 


44 


5 


75 




75.5 




76 




78 




82 • 


6 


92 




100 




101 




110 




111 


7 


122 




123 




130 


8 


146 


9 


174 


10 


190 




196 




; 198 


11 


: 222 




. 224 


12 


j 244 




: 251 



0.31 



1.92 



2.39 
2.73 





0 

1 

2 



3 
4 



:10.0 
10.3 



<10.0 
10.8 
11.0 



0.45 



0.55 
0.64 

0.74 



0*75 

0.75 
0.86 



0.60 
0.65 

0*85 

O.90-O.93 

1.00-1.03 
O.85-O.95 
1.05-1.12 

1*05-1*10 

1.22-1*28 

1.25-1.37 
1.4H..48 
1.40-1.48 

1.45-1.50 

1.38-1.45 



1.40-1.45 
I.65-I.69 

1,72-1 .78 
1*68-1*72 



35 
38 

V 
v 

22 
47 

62 

66 
61 

63 
60 

59 

6i 

57 
61 



60 

59 

6o : 



S 9 sand. 



S 9 sand. 



Off. Ice in orifice 

plate * On again easily, j 

Water at 22 m. i 

S 9 sand* '; | 

12.5 Mcal/b^i. ; 



Water at 22 m. No':. I'; 
fluidization. Off. 

On. . All sand blown 
out and replaced with 
new S 9 sand. 



Pate-::; 



"""from"'" 



total" 



irom total " w 
April j start j logical 

i , I 



13 



14 



272 
274 

282 
i- 286 
• ! -296 

15 ! 320 
325 



16 



17 
18 
19 



30 



344 

346 
362 
385 
400 



694 
700 



3.47 



330 

334. ! 

336 j .3.54 

337 I 

338 i 3.56 



340 
342 



4.31 



Amount Pluidiz ipEcpansT :< ^^t^S^P 
B/A kg/cm 2 



5 
6 



3 
4 



-10.0 

10.7 

-11.5 
10.5 

<10.0 



11.1 
10.8 
10.7 



39 
58 



I.65-I.75 ,j. 



?::--V^?f*;!|:. 
1.65-1.70,:, ' 



S 9 sand. 



S 9 sand* 



'1 v£,V*-~'Vyw>S^Wi»'*; :, t:» 



1-60-1*70 

1.68-1.73 
1*78-1.82 



0.95-1.00. 



Wet Sand* f . 
Off i ■ aCompr * stopped £| 

On. • . ' " r - 

• '"^U ^ d dld not f iuldlVe/i 
^^vfefe| Of f Gas ^air-= mixture:^ 

1 On. 

Shut off. No fluidi- 
zation. Sand plug in 
burner tube blown out 
with 5 kg/cm 2 air. 
On. . . 

Off a few minutes to 
blott air through b- 
tube. No fluidlz. 
Off a few minutes to 
blow ftir through b- 
tube. No fluidlz * 



53 



42 



Wet sand. 
Dry sand* 

Shut off. No fluidiz. 
Burner pulled to blow 
out all sand, B-tube 
Was dropped when being 
reinstalled so bottom 
plate of b -casing was 
knocked out* 

B -casing was sealed at 
31.8 m with rubber pac 
ker, cemented 2 times 
to 31.0 in; filled with 
S 9 sand to 30. 15 m 
and a piece of 2 1/2" 
pipe with top and bot- 
tom plates to 30.0 ro. 
B«tube was shortened 
to 8 to with b-tube 
coupling at 2 m below 
cone. 

On. 14 Mcal/b-h. 
S 9. sand. 

3 9 sand* 



B 7 - 3 

Gas-KL 2, B 7 L^S^v^^ 19&>;^ 





Time 
Date 

April 


Hours 

from 

start 


Heat 
input 
total 1 
lO^Mcal 


ftmount 

A ro 

1 


Sand 

Fluidiz. 1 
B ro 


Ex pans. 
B/A 


Pressure 
kg/cm^ 


Temp. 
Exhaust 
gas 
°C 


Remarks 


m 

0 


30 

i 

j 
i 

i 

i 

May 
1 

2 


702 
704 
708 

710 
714 

749 
758 


4.50 


5 
6 

fillilS 


9-4 . 

9.2 
9.2 

9-0 

12.1 i 




1.10-1*15 
1.60-1.63 
1.80-1.85 . 

1.85-1.90 
1.8o-ii85 




S 9 sand. 

S 9 sand. •*:£$}} 
Water above sand blowrP 
Out, ' : " : [ : : > 
During April: ^r^'-y^M' 
On ^3*3 hours, 
off 565 hours. *■ 
Wet sand. Water blown 
out . ' 

Wet sand. Water blown C 
0;6 m S 9 sand added ;tf| 




! 

i 
S 


:i!?j?86;:'# 

796 


'5-73 


5.2 • 


# 










Off. Gas -air mixture 
out of corrtroi. Could 
hot unlock b-tube coupli 
Burner puiled and sand 
blown out. 




5 


814 
815 
816 
817 

822 


5-77 


3 
5 

6 




11.4 


! 
1 


1.65-1.80 




On. S 9 sand. 
S 9 sand. 
S 9 sand. 

S 9 sand. 12.5 Meal/ 
d — n • 


0 


6 
7 

j 


846 

856 
870 




4.8 
6.0 


i 

1 

t 

i 
1 


12.5 

10.9 
12.5 


2.6 
1.8 


1.70-1.80 

1.80-1.95 
1.70-1.85 


59 1 

57 
59 


S 9 sand. 




j 

i s 

i 9 

i 
i 
i 

i 

i 
i 


894 

902 
908 

910 


6.83 
6.95 


4.0 
6.0 




11.9 
11.0 


2.8 


1.70-1.80 
1.55-1.70 


60 
60 


14 Mcal/b-h. 
S 9 sand. 

12*5 Mcal/b-h. Water 
blown up 3 times. 




1 l ° 
1 11 

J 


942 

952 

960 
968 




5.0 
6.0 




12.0 
13.5 


2*4 
2.3 


1.70-1.80 
1.80-1.90 


59 
61 


Blew up water in cas. 
Blew up water in cas. 



Gas -KL 2, B 7 



B 7- * 4 
May, I960 



j 
i 

0 : 



| Time 


Heat 




C « _ -J 

oana 






Temp. 
Exhaust 




■ Date 


Hours 

from 

start 


input 








Pressure 


Remarks 


May 


total 
lO^Mcal 


Amount 
A m 


Fluidlz. 
B ra 


Expans. 


Kg/ cm 


rrbQ 

u c 


j 13 


1013 
1014 
1016 


8.25 


4.9 

6.0 


13.2 


2.7 


1.70-1.85 


61 


Off. Power failure. 




1028 








1-9 -2.0 


62 


On. S 9 sand. : ; . 




! 1051 

t 


O /TO 
0.68 












Off. Air failure. i 


• 














106? 

i 














On. Sand plug in b- 
tube removed vith air 
before start. 














j 16 


1094 




5-5 


13.0 


2 4 


i R _i q 
j. « 0 — j. i y 


oO 

! ■ 




i 
i 


1 












; 17 


1106 i 
1118 






13.5 


2.3 


1.8 -1 QS 




Jblew up water from 14 nu 
















Blew up water from 16m 


! 19 

i 


1152 

1154 






13.5 




1.85-2.0 ' 


59 


Blew- up water from 16 m. 




1170 


10.02 








Off . Gas -air mixture 














j 


1171 














out of control. 


j 












\ 


On. 


= 20 

i 

i 


1184 
II87 




4.5 
6.0 


13.0 


2.9 


1.95-2,05 


56 

"i 


Shut off for cleaning : 
of. mixing equipment. 

Oh. -J : 


j a 

! 


1202 






13*0 


2.2 


2.0 -2.1 


i 

59 






1245 






12.9 




1 485-2.O 




waxer ana sand plug at 
16 m blown out. 


i ° 


1254 




3-8 


13.1 * 


3-5 


1.75-1*9 


61 






1260 




6.0 
















IS s 




1.95-H.15 


59 . 


Sand plug at 12 m 




1266 
1268 

1 OTA 














blown up. 
Water HI own im 
















Water blown up. 


i 

: 














Water blown up. 


; 24 


1274 






13.5 


3.5 


1,80-1.95 


. 58 . 


Sand plug at 12 m 




1283 














removed; 


















i 






6.0 


14.5 


2.4 


1.95-2.i5 


58 


1 


1 2^ 


1298 






13.0 




2,0 -2.15 


57 


; 

i Sand nluiz removed - 


'. 26 


1327 










1.95-2.15 


58 


: Sand plug at 12 m 


; 


13*1 














; blown out. 


! 














! Water and sand plut at 




1346 






14.1 








, Ij in IcfflOVcU* 








3.1 


1.95-2.05 


58 ' 


27 


1354 




4.6 














1360 




6.0 


14.7 


2.5 


2.0 -2.15 




j ' 












j Sand plug at 15 m 

1 removed. 

j 

1 • . 



Gaa-KL 2, B 7 



B 7 - 5 
May, I960 



Time 


Heat 




oauu 






Temp . 




Date 


Hours 


input 








Pressure 


Exhaust 


Remarks 




from 


total 


Amount 


Fluidiz. 


Expans . 




Kas 




May 


start 


lO^Mcal 


A m 


B m 


B/A 


kg/cm 


°c 




28 


1366 














Sand plug at 15 m 
removed . 




1370 






14.5 




1.95-2.1 


. 59 






1379 












Sahd plug at 13 m. i; 


. 29 


1400 






14.0 




1.9 -2,05 


58 


Sand plug at 1* m. 


30 


1*15* 














Sand plug at 12 m 




1*26 














removed . 








12.5 




1.8 ^1.95 


58 






1*32 


13-22 


3.6 


13.0 


3.6 


1.8 -I.95 


60 

V 


Smell of pyro lysis gas 
after the burner was 
shut off. 

Burner casing leaking 
slightly, probably at 
a weld. However, the 
leakage ended later. 
The pulled burner was 
O.K. 



Gaa-KL 2 , B 8 



B 8 - 1 
April, I960 



Time 



Date 



April 



Hours 

from 

start 



Heat 

input 

total 



lO^Mcal! A 



Amount 



m 



Sand 

Fluidiz.l Expans 
B m I B/A 



Pressure 
kg/cm 2 



Temp. 
Exhaust 
gas 
°C 



Remarks 



-L. 



8 



10 



11 



12 



0 
1 

2 
5 
7 

8 
14 

20 
35 

36 

40 
42 
44 

75 

75.5 

76 
78 
82 

92 
100 
101 
110 
111 

122 
123 
130 
132 

146 
149 



155 

160 
162 

196 
198 

222 
224 

250 
252 



0 j 0 

0.01 



0.06 



0.18 



0.31 



1.34 



2.30 



3 
5 
6 



11.5 



10.8 
12.3 

; 10.5 

i 
1 



0.35 



0.45 



0.57 
0.65 

0.72 



0.85 

0.80 
0.80 



0.62 
0,70 
0.83 
0.90 

0.93-0.95 

1.10-1.20 
0.95-1.00 
1.08-1.14 
1.10-1*12 
1,28-1.30 

1.30-1.35 
1*42-1.50 
i. 30-1. 59 
1.45-1*58 



1*01-1.09 
1.40-1*50 

1.45-1.50 
1.62-1.68 

1.85-1.91 



I.80-I.85 



53 
48 

\ 



46 
62 
68 

55 
60 

61 

60 

63 

67 
42 



60 
60 

60 
60 
61 



Start. 10 Mcal/b-h. 
Off when h. i. Incr. 
to 11 Meal, 
On. 10 Mcal/b-h. 

Off when h. i. incr. 

to 11 Meal. 

On. 10 Mcal/b-h. 

Off. About 4 m water 
in b-cas. 

On. All water except 
0-5 m blown out. 14 
Mcal/b-h. S 9 sand. 



Shut off to blow out 
all water and sand. 



: ; 



Oh. 

3 9 sand. 
S 9 3ahd. 



3 9 sand. 
S 9 sand. 



• P sand. 
jWet sand. 

Water bubbling inb-cas.! 

Lots of water in b-cas* 
Shut off. Burner pull^ 
ed. Sand and water 

j blown out. 

iOn. 



j S 9 sand ♦ 

! 

j S 9 sand. 

i 

j 12.5 Mcal/b-h. 

i 

;0.5 m S 9 sand added. 



! 



B 8 - 2 

Gas-KL 2, B 8 April-May. i960 



j Time 


Heat 




Sand 






Temp. 
Exhaust 




Date 


Hours 


input 








Pressure 


Remarks 


April 


from 
start 


total 

lO^Mcal 


Amount 
A m 


B m 


Expand , 
B/A 


kg/cm 2 


gas 

° c 


13 


272 






11.5 




1.80-1.90 


57 




15 


320 






10.7 




1-77-1.80 






J.U 


325 


3*72 










Off, Corapr. stopped. .-; 


329 














On. 

Mfl fliilrfl 7a + -! nn QVvii4. 
«U 1 XUJ.UJ.Zicl LXOll . onux 

off a fpw mi nn+<*ct +n 

blow 5 kg/cm^ air 










■c 10.0 




1,62-1.63 






346 






11.2 




1-55-1.60 




through. 


17 


362 






U.3 




1-70-1.78 


58 




19 


402 

. 409 






11.8 




1.80-1 8s 




















Off. Gas -air mixture 




410 






■ - 








out of control. 




414 


4.77 












On, 














\ 


Off. Power off. Could 
not start against the 
sand. All sand har? tn 
be blown out. 


25 


580 




3 










Oh. S 9 sand 4 


5o4 

589 








1.0 


60 , 




593 














s y sana. 
S 9 sand. 


26 


600 
604 




6 


10.7 




l,48-i.50 


62 


27 


605 
616 


5.08 












s 9 sand. 
1* Mcal/b-h. 














r*o 1 xuiaizaxion . Shut 
off a few minutes to' 




630 






11.8 




1*75-1.80 


57 


blow air through; 


29 


668 






13.3 




I.78-I.85 






30 


708 


6.52 




12.5 




1. 70-1 .80 




On 483 hours, 


May 
















off 225 hours. 




f *rO 

7*9 
758 






12.3 




1.65-1.75 




14 Mcal/b-h. . ^ 








I3.l" 




1.80-1.^0 




0i6 m S 9 sand added. '/| 












Hard sand plug in. ib^ : ? 
cas. blown out. 


! * 

1 


786 
794 
798 






13-5 




1 •88-1*98 




Water blown t)ut r "" 


[ 
1 


7.78 












l*i raS 9 sand added. 


i 












Off. Ga5 -air mixture l[ 


i 


799 














out of control. 
















On ■* 




800 






15.1 




1.90-2.00 




5 


817 
822 


8.03 




13.3 




1.70-1.85 




12.5 Mcal/b-h. 



Bo-; 

Qas-KL 2, B .8 May> 196o 



Time 


Heat 




oano 




j 


Temp. 

Prhai te + 

•Li-A^i id U.O i> 

; °c 




Date 


Hours 
from 


input 
total 


Amount 


Fluidiz. 


Expans 


Pressure 


Remarks 


May 


start 


lO-'Mcal 


A m 


B m 


B/A 


kg/cm 2 




6 


846 


i 


4.6 
6.0 


14.0 


3-1 


1.70-1.80 


: 55 




7 


856 
870 






12.6 


2.1 


1.75-1.90 


; 60 












I.80-I.95 


! . 58 ' 




8 . 


894 






14.4 




1.75-1.85 


i 

! 58 






902 

90O 


9.09 


4.0 
6.0 


13,0 


3 3 




: 

1 fin 


1 4 Mo a 1 /Vt -Vi 
J. r ax/ D fl • 




910 


9-21 










S 9 sand, 
12.5 Mcal/b-h 


J.VJ 


olio 
960 






13,6 




1 .80-1 QO 










14.5 






jy 


Sand plug at 17 m re- ; 
moved i 


ii 


976 






























Sand plug at 16 m 












i 






blown up. • , 


i? 


1013 
1014 


10.51 


4.5 


14.1 


3.1 


1.7 -1*85 


60 




1016 


o.O 








• \ 


Off. Power failure. "-q 




1028 




14.7 


2.5 


1.9 -•=2*05 


V • 
59 


On. S 9 sand. 


1* 


1051 


10.94 


























Off. Air failure. 1 


15 


1063 














On. Sand plug in b- Y 
tube removed with air 
before -start • 














16 


1082 
IO89 

1091 


11.27 




13.9 




1*8 -1 QS 




Shut off for inspection 

showed a little leakage 
Coupling ground. ?} 
On. 


17 


1112 




4.8 


14.6 


3.0 


1*9 -2.05 


59 










6.0 












1118 






14.8 


2.5 


2*0 -2il 


58 




19 


1154 


12,26 




14.7 




2.0 -2.15 


. 58 






1170 








Off. Qas-air mixture i 




1171 














out of control. ''■>] 
On. - T 


20 


1184 


12 46 


4.6 


14.7 


3.2 


1.95 -2 ;05 


57 






11&7 








Shut off for cleaning 




1192 




6-0 










of mixing equipment. 














On * tubt* onunl 5 ncr ' 

did not loosen for red- 
start. Burner had to > 
be pulled. S 9 sand - : 
in 2 hours. 


21 


1202 






14.0 


2.3 


2.0 -2.15 


■59 





Gas-KL 2, B 



B 8 - 4 
May, I960 



Time j Heat 

Date j Hours | Input 

from ! total 

May J start j lO^Mcal 



Amount 
A m 



23 



25 
26 

27 



28 



29 



30 



1250 
1260 
1276 
1283 
1295 

1298 
13*1 

1346 
1350 

135* 
1360 

1370 
1379 

l^OO 

1*18 
1421 



I 



15.32 



3-9 
6.0 



4.7 
6.0 



Sand 

Fluidiz 
B m 



15.3 
15.7 



15.3 
15.0 

16,3 

16.7 • 

16.5 
15.7 



Exparis 
B/A 



2.6 



3.2 



2-7 



Pressure 



on' 



1.95-2.05 

1.85-2*05 
2.05-2*15 



2.0 -2.2 
2.6 -2*15 

2.1 -2.2 

2.0 -2,15 

2.0 -2*15 

2.0 -2.I5 



Temp. 
Exhaust 
gaS 
°C 



57 
60 



59 



61 



58, 

58 

68 
78 



Remarks 



Water-sand plug at 15 m 
blown out. 



Sand plug at 16 m re- 
moved . 

Sand ping at 14 in re- 
moved . 

Sand and water plug 
blown out* 



Water and sand at 15 m 
removed . 

Water and sand at 15 m 
removed . r 



Water and sand at 15 m 
removed • 



Water and sand blown 
out. 

Water and sand blown 
but; 

Sand plug at 15 m re- ' i 
moved • 

Smell of pyrolysis gases. 
Burner casing off. 

Burner tube coupling 
showed that there had 
been no leakage at alii 
A rubber packer was * 
pushed down and became 
stuck at 22*5 m which 
is 9.5 above bottom f ^ 
b-casing or 0.5 m belbtf 1 
cone * It was locked 
here and the gas leakage 
was Stopped. The leak- 
age might have come from 
the weld seam between"- 
18/8 stainless steel arid 
carbon steel weld at - 
8,f m above bottom; 



Gas-KL 2, B 9 



B 9 - 1 
April, I960 



Time 



Date 
April' 



Hours 

from 

start 



0 
1 

2 
5 
7 

8 
14 

20 



35 



36 

4o 
42 
44 



75 

75-5 
76 
78 
82 

92 
93 

100 
101 
102 



110 
111 

122 



Heat 
input 
total 
KKMcal 



0 

0.01 



0,06 



0.18 



0.31 



Amount 
A m 



1 

2 



Sand 

Fluidiz. 
B m 



Expans 
B/A 



Pressure 
kg/cm 2 



0.35 



0,45 



0.55 
0,65 

0.71 



0-77 

O.90 
0,85 



0.57 



0,63 

0- 75 
0.84 

0*88-0.90 

1- 00-1 .10 



0,90-0*95 
1 -02-1.07 



0,96-1*01 
1.15-1.18 

1.20-1.25 



Temp. 
Exhaust 
gas 
°C 



48 
40 



18 
41 
62 

56 



62 



61 
61 

63 



Remarks 



35° C at 23, 30, 32 m 
in T 9 B. 9m long b- 
tube . 

Start. 10 Mcal/b-h. 
Off. when h. i. incr. -to 
11 Meal. 
On. 



Off when h. 
11 Meal. 
On; 



1. incr. to 



60° C at 30 m in T 9 B. 
Off. About 3.5 m water 
in b-cas. 

On. All water except 
1 m blown out. Socktube 
without net on bottom of 
b-tube. Burner raised 
0,5 m with net above 
water. 14' Meal. 



Off. Ice in orifice 
plate . 

On, All water removed 
14 Mcal/b-h. 
S 9 sand. 
S 9 sand. 

60° at 30 nv in T 9 B. 

85° at 30 m in T 9 B. 
Off. Unknown reason. 
Relit. 



95° C 
at 30 m 



S 9 sand. 
Temp, in T 9 B: 
at 23 m, 100° C 
9 m long b-tube with 
coupl. 2 rn below cone. 
120° C at 30 m in T 9 B.. 
S 9 sand. 

T 9 B: 345° at 23 m> 
140° at 30 m, 80°at 
31.8 in, 40° at 32 m. 
Burner raised 0.5 m 
when being checked by 
pulling it a few mm 
each time. 



Time 



Date 



Hours 
from 
.a tart i; 



© 



8 

9 
10 
11 
12 

13 

15 
16 



17 
18 
19 



25 



123 
130 
133 



145 
146 

160 
175 

196 
198 

222 
224 

240 
250 
252 

266 

272 

320 
325 

329 
334 
336 

337 

362 

390 

402 
409 



580 
584 



•■••■Heat -~; 
input 
total--' 

. ¥ ip?Mcal 



1.12 



2.23 



3.49 
3.58 



4.48 



■: ■ :- ;r<* Sand ^mM^$0 



Amount 




10.3 
12.0 

11.0 

11.5 
11.5 

U.5 

11.5 
11.9 



Pressure i:. 



Exhaust 



1.45-1.55 
li 40-1 .50 

1.50-1.65 
1.70-1.80 

1.79-1.86 



1*80-1.90 

1.85-1.93 
1.75-1.80 

1.75-1.80 

1.75-1.80 
1.75-1.85 



1.08 



'■'■■•.i.r-'- -' • " ■-' - — '-- ■' ■- ■-'': ; v.r?.--sia^ 

: f:y--'~. Remarks ./--r^;vv^:j^ 



28 

56 
62 



60 

\ 

59 



60 
57 



68 



190° C at 30 m , rv - :: 
Off. Unknown reason, 
1/4" coupl. was unscrews 
ed when trying to loosen 
b-tube coupl. Burner 
had to be pulled and all 
sand blown out. Very 
wet sand. 

On. New S 9 sand. 



Temp, curve, see Fig. 1. 

315° C at 23 m.. 
S 9 sand. 

310° C at 23 ra. 
12.5 Mcal/b-h. 

Temp, curve, see Fig. 1. 

300° at 23 m. 

1 ra S 9 sand added. 

Water between 15 arid 20 
m blown out with air. 

Wet sand. 

Off, Compr. stopped. 
On. 

Temp, curve, see Fig. 1* 
Off. Gas -air mixture 
out of control. 
On. 

3*0° C at 23 m. 

Temp, curve, see Fig. 1. 

Off. Gas -air mixture 
out of control* Could 
not disconnect b-tube 
coupl. Burner pulled ■ 
and then blown down in 
sand with 5 kg/cm 2 air. 
Could not start against 
the sand. Sand blown 
out with air. 

On. S 9 sand. 



from 
start 



27 



28 



29 



29 



total 
lO^Mcal 



626 



790 



5.08 



Amount 



Pluidiz; 
.. B ra 1 



12.0 



1. 40-1 .50 



5.71 



11.4 



Expans . 



1.45-1.60 



1 m PS sand added.' ^'"^"T 
Water bubbling in b-cas. 
Dry sand. No water 



1,68-1.80 

1.60-1.70 
1.60-1.70 



Shut off. No fluidlz. 
Lots of water. Water 
and some sand blown out 
with air. 
On. 

1 m PS sand added. 



Water at 18 m blown up 
with air. 

Water at 17 m blown up 
with air. 
Wet sand. 

Water blown up with air. 
Water blown up with air* 
Water blown up with air* 
Wet sand. 

Water blown up with air* 

Off. B-casing and T 9 B 
casing burned off. Could 
not pull burner. It was 
unscrewed at 1/4 w coupli 

fiurner had been on 435 
hours and off 237 hours. 

T 9 converted to elec- 
trical heater 89/88. 



B 10-1 
April, I960 











Time 


Heat 






Houra 


input 






from 


total . 


Amount 


April 


start 


lO^Mcal 


. Am 




0 


0 


0 




1 


0.01 ; : 






2 








5 




i 




7 


0.06 






Q 
O 








14 






33 


20 


0.18 * 






35 








36 






- 

! 4 










42 










0,31 




5 


■75 




0 




75.5 




1 


1 


7o 




2 




78 








82 
















100 








101 




3 




110 . 








Til 
111 




4 


. 7 


122 








123 




j 




130 






8 

V 


146 






10 


196 








198 




6 




200 






11 


222 


2.37 . 




.2 


240 







Saiad 

Flui'diz 
B in. 



Expand 
B/A • 



<10,0 
<L0.0 



.Pr^ssti^e ' 
kg/cm 2 ■ 



.0*35 



0.50 : 

0*60 : 

0-65 
0.68 



9*75 : 

' • ! i i " : 

b^go'.-->. : ^ 
o»86 > : < i 



b<6o 



o.7d ;'" 
0*90 ':. 
0.89 

6.92-0.94 
i. 10-1 4 2o . 

o> 94-0.97 

I.02-1.06 . 
1*10-1.18 ; 
1.36-1.38 ■ 

1.35-1.47 : 
1*45*1.50; 
1.52-1*60. 4 

1.55-1*60 'i 

'i'iW-i So ~ r '- 

i. 62-1*70 
I. 60^1 .68 



°g." T -. : . '.': : 



M 'vs. 

55?§!S 
.6l#;? 



60 ;■■ 

68 , . , 

58 ' 

59^:- 
6b " 



•59 

; 5SM. 



Remarks 



Start.' id Mcal/b-h 
Off When hi i-. incr; to 
11 Mcair - ■•: '/--^a 
6h^ : 1- . 



Off when h; i. ihcr « tff^ 
U Meal, i — " 

On*/- -v . " : ' ;.:■*■ 

Off, About 3.5 m Water;;| 
in b^cas. r: f% 

On , All water except f , 
1 m blown out* . 14 Mcal^ 



Off ; Ice in 6rific6" ; S.^| 

' ^ ' - '-.■■;-.r*^:":£. J ^| 



plafeV 

Ohi T All water bldmi 

■ -f I,- 



but; 

5 9 Sand; 

6 9 sand; 



3 9 sand, 
3 SI sand, ; 

1 m P. sand added. 



Water , at 21 5 5 

tffct*^*t'2&td m/--f1fif 
li P Sarid added* -^-\!3§ 
Watefr bubbling* : 

Off* Biasing and ^.up^I 
ly tube at centrdlizers^l 
burned off** Only Supj^lj 
ly tube pulled* . rCjlpi 

Burner Was ori 174 hbufS^ 
and off : 48 hours* *-'^k&\ 

*T 10 converted to 
trical heated 89/87^-:^ 



;.;';,; ; Apr*il-May;" i960. 



o 



Time . 


Heat 




Sand 


Date 


Hours 


input 








from 


total 


Amount 


Fluid! 


April 


start 


10-^Mcal 


A m 


B m 


1 9 

4.C 


oho 


0 


J 






249 


0.09 


. 1 




25 


, .50I 










584 








26 












598 




4 






599 




5 






600 . 






10.3. 




C /Nil 




6 




605 


0.39 








609 




ii.i 


27 


630 






11.4 


28 


6*2 






11.1 




658 






12,4 


29 


662 ' 






12il 




670 


1.30 






676 




i 

X 






0J0 




2 






680 




■5 






DOl 




4 






rpr> 
O02 








30 


684 




6 






688 






11.8 




f uo 


1 74 






Way 










a 


748 


/ = 




12,0 




749 










.758 






12*4 ; 


3 ■ 


772 






. - l2 -5 \ 




773 . 








786 




6;0 


■ i2.5 




794 




7-1 




.796 


2,97 

















Expane 

■ B/A i: 



Pressure ; 



6,86 ' 

1*75*1.80 

i; 80 -1,96 

i*75-i;8a 
1.80-1.88. 

i.8o-li85 



i. 20-4.30 



1.50-1.60 
1.65-1*78 



ll8o-l*8^'. 
1*96^1 *93 



•Temp'r 
\ Exhaust 
igaS "1. 



•H25 

;; :68 : ; : '^ 

: 58 .-A 



Remarks 



Start* 12-5 Mcai/b-h;^T? 
3 9 sand. SocktUbe with 
0^5 tnm sdreeri on b-tube^ 
Off 4 . B-tube plugged, 
with sand. Socktube re^ 
mov^di r Sarid blown oixiM 

Oris 3 9 Sand* . . 
Water bubbling, '-^ 

Water bubbling* 

1 m S 9 sand added. . 

1 m S 9 aahd addeid* 



1 ra PS sand added* 
l.^Mcal/b-h." • ; ^|| 



Wet sand* 
Dry sand* 

Wet sand, ■ . >^ 

Off* Unknown reasohi 
Could not loosen b^ubef 
coupling* Burner puile<£ 
Sand except 1 m bibwnl^t 

dut itfith air ; • r ^ 

Oh; : =■ ' •■: r$>M 

3 9 sandi ' ^ 



PS 6ahd* 

During April* 
Oh 128 hotirsi r 
bff 538 Hbufsi * : 

i4 Mcal/b-h, 

0*6 in PS ^and ^dd^d. 



(5*4 m PS satid added. 



lii m S'9 aahd addid. J^ 
Off * Gas ^air mixtitt 4 ^ ;;S§ 
out of cohtroi* it-Waiaf| 
how found that too imcft! 
iaahd had been added, fevp 
pi4 Sarid v*as ikboVe b»:?^ 
^tiib^ coupling, sb it? ^1 
;j6otild hot be locked^^! 
BUrneir pulled and sand^| 
blown but 4 B-tube feoujjUi 



Gaa 



Time 


Heat 


Date 


nuura 


Input 




from 


total 


• May 


start 


KpMcaj 


5 


817 






817.5 






818 












822 




6 


846 




7 


856 






870 




8 


894 




9 


902 


4.03 : 




908 






910 


4.14 


10 


9*2 . 






952 




13 


101? 






1014 


•5.44 


■ 


1024 






1028 




14 


irei 


5^78 


16 


IO89 






1094 . 


'•: ' '' ' ".' 


17 


1114 




19 


1154 






1160 


6*67 ! "; 




1168 , 






1170 . 


6.69. 



-KL 2 . ! ¥ 11 W/^m^^M// : ^ < I 



B 11 - 2 ': 
May, I960 



5.3 
6,0 



Fluidiz 
B in 



12 ,7 
11.7 



5.2 


12*2.-; 


6.0 




5.8 


12.0 


6,0 






12.3 : 


5.4 


i2.3 


6.0 






12.5 


6.0 






13.1 


5.2 


14,2 


6.0 






13.3 



13 



';s»?f 

111! 



•■liTo-iiSo; 

ii8o-l<90 

U'i'7ff-li65i 
fa,70rli85; ? 

; 1*70^75 '' 
; 'l.?o-i*8o 

•** ' : ■ V" 

5ii75%«80;: 
'1,85*1*90; 

ii. 80-1, 85 



i%9 P2.Q5, 



2,05^.15- 



- "-7 *• c-slwSv;; 




:^ : $9'%£ 



.^59if£u' 




'60 

Silfa 
wit 

•■•.•••.58.:;::; 



'Remarks n 



Oh, 39 sand, 12.5 ;r:: ^ ; 
Mcal/b-h, 

S.9- sand. " : ^>4 



S. -9 sand. 



14 MoAl/b-h. Water- 
blown up. 2 tides.; : 



S 9 sand; 

12*5 Mcal/b-h, Watei*iM 



S 9' sand, 



'•.••'•••*^SJis^ 



Off * A PoWer 

Biiftiei* pfuli^d fotr ;ihsp^|f 
Burri^t^' tube coupi V* Hdd^ 



been leaking*.- vCou^li'f^p 
ground ; \; ■■. ■ ■ , :r-; ; H^IK§ : 

On* ; : ■ T: P 

• ' i ; t .' : '". . ' ^>^; *■ " ' . ~- *J*Vi : ~i'>«^; 

Off i* Air failure* *'Bur§ 
ftefc ; puiiedi ; Hbl^ wai 
er*o4ed out by Untight M 
bHub^ 6bupi . Coupl v-- 
gi^iind arid hole filietfit 
with Weld, ' :v ' : ' ::v ^ 

Oil '^si 3 ^: " < 1 



Shut of f for iri^tailin^l 
1*5 in coupling : tube iS^g^ 

": * 

6ff;* : '; aad^air ^xtur4 : ^ 
out; r of control * ; . C6uia^i§ 
n6t 'separate bliriier*^^iS 
tufee t - jpirta: ; b^caus^^^pf 
tube ■ was-- tob ' iightP^I^!. 



Time 



Date 



' May 



20 

21 
22 
23 

24 



25 



Hours 

from 

start 



1185 
1187 

1192 

1202 

1245 

1260 
1262 
1266 

1274 
1283 
1290 
1295 



1298 
1305 



Heat 
input 
•total v- 
lO^Mcal 



/ Sabd ^f 



Amount 
A m 



6.90 



6.0 



7.0 



7.0 



Fluldizv 

B m : % 



14.0 
14.1- 
14.1 



13.8 . 
13.9 



14.3' 



E*pans. 

; B/A -v? 



Pressure.'® 



-'2.0 



•2.0'$ 

I'fe.-.SWV- - 



moved i 




2*05^1;^ 

2.6/-2405 
2.1^2*15; 



.Exhaust 

"feasl^v 

■,°c.v;°r 



•VfH .. . ... 

IS VI' 



Water blown out at 17 in t 
Water and sand plug t*^^| 
moved* ^ * ^-i ■ .•: ^^r^g^^ 

»•.■ ^ ;■; f - ; >; ■ i ' - ■ ■ - ^~ "* ' < . 



- Remarks 



Shut off for cleaning ^ 
of mixing equipment 
Oil* . >' r-v;: .:, 



Water blowii up* 



Water blown up^ 

■ : ft ; - ' V ft IT 



Sand plug *at l4.ra : reK^I 
Sand and Watef» ^lug Jt^^fi 

Sand and Wat^ phis ^§ 

moved * -° A -v>^: 
Sand plug at ll'm-1&*J& 
mo^ed. / . . ^ 

Sand plug %t ai ^re-^!^ 



Sand piug at 14 m ref^ 

SaM plug at 14' tt'fe^iS 

Sarid fjlug "hi "m blcj^S 
putr-:^-;. : : ?fr^ : 
Burner "shut of f ; C Puil^d 
burn^t* showed ho datta^e/] 
There had hot beeti AflSf^ 
leakage throtigh b^tube^ 
coupling with coupliiif 



Time 



Date 
April 



Hours 

from 

start 



Heat " < 
input 
total 
lO^Mcal 



Amount 
Am' 



Sand 



Fluidiz ; 

B m • . 



.ExpahS'y 

B/A;:^ 



Pr^ssure^ 



^erap^L 



Remarks 



9 



14 



15 



25 
26 



0 
1 

2 
5 
7 

8 
14 

20 
55 

36 

40 
42 
44 



287 

296 
500 

304 
310 
320 



581 
584 

589 
593 



0 

OiOl 



0.06 



0.18 



0.31 



0*72 



0 



0,55- 




0.79.;/^' 



4 

.5 



-4 
5. 



id 
11 



.1 ':•'•) 





1*90^1^95.; 

2.05 : 0;-= 



;6.9i; r il§i 



Startw^'lo: McalA-hi W 
Off when h • i . lncr\* . t<5^ 
11 Meal/— r - . - 
On.^vlO .Mcal/b^;i^. 

Off wheri h* indr^tol 
ll. Mcal; ! / • ;:^ :^;V! 
bn.;;viq ; Mcal/fa-h. 

Off About .3.5 m wkter^ 
In b^caa* ^ '.v- • 

On* ^ All water except ^; 
1^0 blown out ; ; 14 
Mcai/b.^4 A. ;.. 

. ■ '-"■^ -■■ - " 'Zj*, V ■ J?j£?f3 •■ 

Off * Ice lii brificd ^ 
glate i 1 Burner 1 pulled ^ 
and water blbwn\outi 
B-ttibe^w^s dropped Wheti^ 
it was sunk down so lt'^ 
knocked out bottom pl&tf: 
of b^casi - BHiiSisi ; ^Was 
Sealed at 32 -iO in with^g 
rubber packer , cemehtdd^ 
5 tim^s up to 31il-:m'ii?3§ 
filled with S 9 ;3arid : ; f^ 
^0;i5 m and a 2 l/2" v '^ 
pipe Witli top and bbttcito 
plates placed up to 50 id 
ffii-;- B-tlibe Was shortened 
to^S ra AWith' b-tube ;C6U^ 
at 2 ; nf "below conei ^^f^ 

Ohi 12;5: Mcai/b^ii^ ^"t^S 



Water bubbling. ! 



Shiit off; B-tube plugged 
With wet sarid, . B i pullSd 
and 'all §ahd bldwn 6u-fe r «-f : 

On^S 9 aaiid. - r^V^ ^ 
,1 •"• tn. PS V; s and • • ■ * * - 




' r .-; 7^;B 12 >'2^M^ : 0£ 

1: Gas^-KL 2 . B .12 ■:. ; Apri 1 -May /?i960 ~™S 1 



1 Time 


Heat 




' Sand . '1 






•lExhkuai 




ate 


Hours 
from 


input 


Afnourit 






Pressure 


-r. Remarks 


April 


total 


Fluidiz* 


ExDflna 




'. gas - % 




start 


lCKMcal 


A m 


B m 


B/A 






26 


600 

6o* 
605 . 
609 


i.02 


1 


. 9.8 ; : - 




•i?r6p)8d| 


Sift 


1 m PS sand. V^g^S^. 
; l4.. ; Mcal/b-hi/,- i";^; 


27 


630 






9-3 " ': 




A .80^851 








632 






■ v *■ 


"■^vU^ '" ! -^^ 




Blown ;out water with 
•air, .; ; ^-..-^v 


2o 


642 
658 






i2.5 




i,8o^i 4 9o^ 




Dry-rsand; ^ ' ' ] m ''A : Mi'^ 








10.0 




■ X, • U\y ™ A • ^ 


itlli 


wet ; sand* ■ ■■ 


29 


665 
668 






i 

11/2 .... 




.1^8o|l.85^ 




Blown but .Water •with 5 -- i li%' 


30 


688 














;MoWii-oUt water , With^f^; 




692 . 








''*-*» 
V - - ; ;<j i 






: &ir« ' ""■ : 

Blown biit Wiiter. With'^IM 




768 


2 4fi 




ICuH.. * 




i* : -sii:/" -v - 




^air^;^ . :i ^,J'M:M0& 
Dry'saiidi;; ■■ '■■■^i0k?^^i 
During April:' :;.ly^|?S^ 
0ri":d87 hbur^,T>::v^l^g£ 


-ay 
2 


748 
'7*9 
758 


; - : . - ; 




io,i.. ; ;;v 




.^^;::X^:-';:*' ' 
K g;-K^2^: 

1,80^L>85^ 




^6ff ;5^i: hours i^C^^SS 


3 


770 






■ lQi2^: 








' Saiid ; plug "ih b-cai ^feP^ 




772 
. 77 * 


■' ' ' : jf. . 




10. 5 




l*7oSli8o - ^ 


-> -fpT* & 


blbWh btit : ^ ■ ' ' 

0,8 ffl S g sand 'addedgl^ 

pona pj.ug : oxown OUt4^ v^^ 


* 


784 
786" 






11.* 
11.0 




i;85*-i;95 


' * l - C'ir : 


noier . oi, own Out & * , * .'■,■*■« ■ :■■ 




79* 














1 ; liv.fi 3 9v earid ad^edf"!^ 




798 


3.72 




t 


■Hi 






:0ff r^QAs-air ; feijctiiir^l^ 




799 
800 ' 












V i-ft^h ' * 


out^ : 6f : cohiroi * - : Si^Stll 


- 






'12.5^* 




p§0^;6|i| 




fOft*;^'".. 1* K ' m '-1 i: :lj:.. m -.. 


5 


817 


"3.97^: 
















822 






ii.*;^ 




-"1 




6 


8*6 


• 4 ^3 


.6*0 








B&m 


dliiii^ff f i "bec^t^aMll 
^tgst' pipe was '., sheck^Sgl^ 






• . • _ */ ■ 


\ • i. . j 




■; ^U',;?t 




jHi ju-v. -"v; Aai^i. 

J£ - . > , . * 


Dunier nau uc puixeti^. 

; to-; ; gt§t , test ; gipe . ;upvS||||| 
Mo^t bf the;6ahd hadtflfeog 




8*8 : 














be removed ; - : ! ^"^ifelgg 


1 














On 3 ' 9;.;aiand- addyd^ft^ 
2; JtibUra 


































/ ■' - x ? '• • : ' i *-i . ;V "i . 1:; a - v . : : : ' v vv; fci ij^j ^ 



'.! 4)a£-KL'.2 ,.B ai : \^ : a^>lg?;;^^-^- ■" -^v^^-May , ;; i960 ■ 



Time 



T)ate 
May 



Hours. 

from 

start 



Heat .: 
input 
total " 
lO^Mcal 



Amount 
' A m 



Sand 

Pluldiz 
B in 



Ex pahs i 



Pressure.: 



T£mp^; ; 
Exhaust 



Remarks . 



8 

9 



10 
11 

12 



13 



14 



856 
870 

894 
902 

908 

910 
942 
975 



985 
990 

992 



996 
1000 

1010 

1015 

1014 
1016 
1028 

1034 
1040 
1051 



10 

11. 



5.01 



.5.12. 



4.0 
6.0 



U.5; 



il.8 



11*6 



6.15 



6.57 



■6:81 



10. 
10, 



6.0 

>.2 
6.0 



13 
13 



.5 
.5 



3.bv 



fit? 



15.0 



15 

13 



.5 

*0 



.3.2. 



:2;5ift 



i*75^i.85 : ' 
1;75^.90; 

i'i66^i. : 75 . 

•:*v£t&>>%!i:. 

1.70^1*80: 



ii70^80 

i-i75*i'*9 % $: 

i;.75-l.?;| 

il8l^li9lS 
1.8..4."?'* 7 

is^jos- 



•^58S 



MM 



14 - Mc al/b 4i . " J Water 'S^^ I 
blown but 2 times; 



S 9 sarid; 1 
12i5:Mcal/b^h/ 

Temper inside b^a£irig^£pl 
85?: C at : 16 m and .520^1 

Sand "plug : removed! ■ :4^S^| I 
Water and Sand at .16 =JmJS | 
blown" up- >: 
Shut off 'for. 



•.■; / -'r;-,.'^^ 
;-;59:|l 



S-tube coupl I leaklng-^gl 
Ground^? All sand tod ^| 
lots of water blbvfa :Jip;i^| 

bn.i:;S.'9' : sanb\. •■V:- : ^n*. 

Sand plug removed v.-r^^g 



'^1 



Off . Jf Power failure *T;;3g| 

Oii * ^ S ,9 . : sand m \ ,■ ki.^'P?^ ' 



Off Aii?' failure ; 
Later : It Was- found i-UiaiJ 
feurtiei* baaing' Wa^leak^ 
ingi-l. Gould only.' t*eco^^ 
VerlStipply "tubes ;M]3^#8Sr 





Time 



^ate 



April 



Hours 

from 

start 



Heat .,. 
input- 
total 
lO^Mcal 



Amount 

• A ni 



■Sand.::* 

Fluidiz". 
B m 



Exparis 



: ■ 



] Pries sure : r ; 



Temp.^ 
Exhaust 



^fi"-4 Remarks 



,-*. .... ■- 



9 
10 



11 



0 

1 

2 
5 
7 

a 

1* 

20 
24 

55 



75 



75.5 
76 
78 
82 

92 
100 
101 
110 
111 

122 
123 
150 

168 . 



190 



196 
198 

207 
208 
211 

212 
214 



0 

0.01 



0.06 



. 0 



0.25 ! 



i 



1- 

2 



-3 
4 



1.84'. 



1.99 . 
2.05 1 



10.8 



<=10*0 



ol6o : Sl|l 
:o.G9*&Y.&T: 



■6 .70 gag 
.0*8l^£>g4pS 

: .o.93:"r;.> 

i 0,94-0 > 99;-.. 

Y.io-iU^ 

.0.9XM)i95| 

^i25^1;i50J 

; i":2o-ii36,; : 

1.48-1,54* 
.1.53^1.60-: 



v. Of f when h ; 1 incr ; ; tb^M 
Al>Mcal. 

'Ori^-i Id Mcal/b%it^f?S|| 



%6o r '^fei 



; 3 tart ;^16\ Mcal/b4i.%l^ 
•;0ff- ^hfeit:h<xi . • inc^i^aS 



li r Mcaii 



Of f V"; 'About $ : m . wat6r" sii^i 
b-casiftg;;.:/;;; : -^i'???^ 
JCbuld riot Start lt^t^S 
cau£e ' WateF was aboy^?§|?| 
b-tube* coupling i 




3. 9 sand* 





^65^ 



i^ ; ^aiid*^:K^: : 



-1.60^1 .63: 




3 9- eahdi ■: \ 

Off i Unkndwh reason* ?^ 
Relit : ; in a few minutes if# 

Off*'- Ice in orific^iN^g 
plate * • ' Could unlbbk ; bSf 
, tube ^iouplr first aft^i*l| 
hb;m*sw Started ■ agaitSf 
?^hcn.;Sahd T'^ •• i ;i5h>^^ 
{Oh i-^ Water at 22 .^:^^ 
{S : 9 Sand. Off ,-Reli^Rf 
' itoediately * ^y>r/^^^ 

: 6t t pit Watei^ ; in ^^aiiftg^ 

■■ Ori ^^^^ ^ 
;0ff ; : ^ Ic^; ; ih .drtflce^tp^ 
*piateV^i% ; : k ■ 

6ff>-^l6e''-ih ' ; brif ic^§|^ 
plate I j^ Relit iii^edia^>|| 
















Time 


Heat ,. 




• Sand"r>-:" 




Date 


Hours 


input • 










from 


total 


Amount 


Pluidiz . 




April 


start 


lO^Mcal 


A m 


B ra 




11 


222 






- ........ 

. 12*3 r ; 


"i^::; ; V .V:- 






2*24 






12 


250 


{ ■ .; • 




10i3 : ;;-v 






o<= * 












0*70 






11*1 =.h 






■ 3P0 






11 ^7 






325 . 


3>50. 








16 






.,: 








..33* 






11.0 „x 






jjv 






- . ■ - V 






337 


: -. . 










338 


3.65 










339 












3*6 . 






11.6 ^ 




-i Q 

lo 


385 






■12.2^' 


, ■^■V^;-pJ>." ;.*■* I.; = 












19 


409 


' **52 ; 


- . , ■ " * ■ 














" : ': ■ :•: 














*- 1 * -'vs^H'? 












■ • " : '^ii; 


























25 


581 




""' — ! 








584. 


"■ - 






















'4,74.V 






• ■ V".r.^ - >-«ars4.V 




599 ;\ 


- T •■ : ' 










602 


. * ' • . 


"5?if'':V -•*'''•- 
































603 - 






■ ! "■-'.{■.•■'"'"liv. 






605 












606 












607 


4>o4 


























... :.; 














■ . ; : 










































676 ' 












680 




: ; 4 ; i.^ 







Predsure'xl 



Tenijp-* ; vr 
;Exhaust 



Remarks 



li78-i;85;; 
U8o^l;85l 
1.78-i;82Vi 



l;6b*lifoc 



■:' 61 



12,5\Mcal/bfh 4 



;N-S 9^ sand' added * u ' ii;> '" : - " 



O£ti0 Cdmpri ; stopped;.?^^ 

On * .>.";;.;_; 

Off SVGAs' -^air mixture 
6ut<S)f -fibntrdl ^ 

On* ;r-- • ^ : - ^ • - ... -^v,^; 

Shut ' of f No : f luidii^ ^ 
Blbwii air throxigh fatxfntfxt 

oh;#:^--:?fe ; - ^v 4 '-^^^ 




Off * ; ;;Ga3-alr 
dUt^ of ^doatrdi & ^CefOldr^l 
&6t ; iooaefi ( b-tube cotipi 
BurriS* had to be ^ii^dif j 
Cottld not start s agairi^t > 
3 ^and > y* Bufnef - 




S4^||:# 




mi 



Watei*-bubblih€if?S^ 
Off ?^Kd : fluldia. 1 Water?:' 

biowtf 

burner 
Ori 





'Si^ ; bffv1%o^ r fit^^ 

^rn^;pUiled a^ >il ^gl 
sand; bibwii ;buti^v Cdtild^l 
nbt : ; restart be cause ; bn^| L 
;compr;^had :to" : ;be- t dhut^¥| 

sandi^:^VgM^| 




.■Gas 




May 
3 



6 
7 

8 
9 



10 
13 



766 

767 
768 
770 
772 
776 

782 
786 

79* 
796 



798 

799 
800 

817 
822 
826 

8*6 

856 
870 

894 

902 
908 

910 

9*2 

1013 
1014 



5.*3 



5.68 



:* 

5 
6 



6.7* 
6.85 " V 

8.15 . 



6.5 



4.7 

6.0: 



5.2 



13.*: 



12.* 

12,3 



13.2 
11 i9 

12.3 

12.5 
13.0 

12.* 
12.1 

13*3. 
12.8 




1.9 V 



2i5it 




S : 9 sand .vV tta t er -: it... 20 'iff ; 
bldwrirvup v With .air ; ^§S:§£| I 
Wate^at ;16, in " : blown 
with ; air ^ Still watet4# 
Rubbling ■■ at 20 ' rri :\ 

^-^^Shut • of f i Lots of 'WateS 
##BS^#Curihg ApH.1: 
i#^SSf0ri^5 'hours, . 
t - ' hours ; ^.^::it^ 

^^S^^s'-; •• • \- ••• • •'• v^fMX 

XM&££« lOn.;l^ Mcal/b4i. ;s 9;^| 
;^5f^&5Tf sand* ■": - ^ ,/ ^vv^S^| 
'S^M^lS- 9 sand . 





Off f ^Gas^air mixture^!!! 
dht;;6f c5nti*di^^0n^a^^| 
■tef^a.f^w teinut^^V^^^] 
;| $f t '# das *ai r * mixtur^®2| 



i : l8o^i : L9o !!: l'tf§9 :; ^i^ : 
;..li8o4.90^| ; .57i^ 




.^?75t1L85.| 




Bufeet^pulied ^f b^ihap^l 
B-tiib4 • coupl * Was 7leak^§ J 



ate 



May 



1* 

15 



16 

17 
18 

19 



20 



21 
23 



24 

26 
27 



28 

29 
30 



HOUT3 

from 
start 



1051 
1063 



1094 

1106 

1130 

115^ 
1170 

1171 

1184 
II87 

1192 
1202 
1254 

1260 

1274 
1298 

13*1 
1346 

1350 
1354 

1373 
1377 

1400 

1426 
.1428 



Heat . i 
input : 
total'. 
lO^Mcal 



8.53 



9.87 



10.07 



13.02 



Amount 
A tn 



6.0 



5.0 

6.0\ 



5,6 
6*0 



5*5 
6.0 



4.7 
6.0 



',Sand£,: 

Fluidiz 

B tri : ; • 



13.5 
14.0 

14.7 
14.94 



15.0 
15.2 

14*9 
15.2 



14.5 ; 
15.0 ' 



15i6.k 
14'. 2 > 



Ejcparis 

E/A >; 



2.3. 



'I'i8m9-f: 

;i.9>2;.6 J 



■IB! 



-Pressure S£ 





fail 



L IempV^ 



^^ivjj^"' Remarks : I 



Of f V; ;^Air;;f aiiii^e^fcSt;f : I 
f em6Ved; : :Vith aiirrbef 5i*)^p[ 



but "of cotttroi * v VcS^ftl| 



Shut^Sff for cle 




Sandj- and 'waters piugfi|^ 
14^;iferibved^j^r^fe^ 

Sand 




Burner. basing off *H>;fir^?| 

iWfge^urfier; was uhdama s ^| 

?1fce>fl^(Was?f6^ tiiatllp 1 ! 
^•tM?Saaing was leaking : ® 
■ a^^he^ieid:: 22 Vo;in;;be^ 
,lbw ;I grdu^ 

fi6*7 " io^abov^ bottohdpf ?ffp I 

:;btimer;^asl^;^^||^^ 



























■ ; VGas-KLV2i:iB* 






: \- ■ -"ii; ^ i." PrXJ. XyOJ 


| Tin 
^ate 


ie 

Hours 
from 


.Heat 
input ; 




, : Sand. C-*: 


j::":if* ; 




.fEjthauSt 




April 


total ; 


Amount 


Pluldli; 


Exparfsi 




■-!ga"St-S';;y;\ 




start 


lO^Mcal 


"A m 


B m::. 








2 




"' ' ' -'•.V'" ,: 


: ■ 










cu ,1/ at^. ^4 ana po..raviti-;* 














^ T 'jV , -*' : 7" . "■.""• • 




o— tuoe :coupx* . .<; m .oexow ^ 
















borie - i -;V" :-v-: i,J :- ' : V;^-vlt*?- 




0 
i 


0 

a m ■ 
U »U1 . 


o i; 




■■ ;,*: : 






.Start * ■ r . 10 " Mcai/fa-h 7 ^?^ 
















Of f ; Wheri : h . :i i ^incr i h<$ 




2 . 




































.5 .• 




■■ ~.. .j ^ . . . : 












7 •" 


0*06./' 
















^ * 

. 8 










li^sv -v;'"" 5 ; f 








■' * - vV^. : "*'~' 
















14 . 
































5 


20 


oM8 5 T 








* ■' -■>» % :■ - ••* * H' "• " 








35 














;6i5- ; tt f blOMri :; toutr; ! ^'i4li^ 




: 36 . 














Mcal/b^h^- S . ^ ..sand^f ^ 




40 


















41 
42 














:.pff v^.R^lit eaaily,^^ 

(t • ■•X- .••->«..,; ><- n • -.?f®fSSS 




44 














... -— «.f f.r?H-r -v.:. _ ^iS^fe 

Off . .- .Ice . iii orifide"^^ 




■• '•' '■ 














; piAte i .' All ' Watejp bl6wia?t 














t"'^r" f •■*' n, - ? ?-S'.' "?* >' 






5 


"75. 










0 *60.;>;>^g£^ 








4 75.5 
•76 








< ^Mv^^?: -/-■*■ 










To 
82 
8* 










i:6l94:^KH 




•Off * ^EaSiiV-^ii*^^^ 


6 


■ : 91 






;^:>^l;i-* . ;. 


-*st Fr .*-.>,■ ;t » 'i- 




. T * C*--"*- 1,1 *"' — % - 






? 93 •: 

94 V 


'3-54J;: 










tiiifli 






• 97 Yr 


















.: 98 " . 










jV.^"'- sZXf-?'-' •* 








99 ; 

•102 ' 










^^^<^^^ 


























110 








■■^sir*-^^' 








7 


111 . 

'..122 ' 






V /- •"■ V : *f" 








^20° - C : at "ft ~-17&6*F3^ 










"... i'v " :! ,;;^**iv 


^^^^^ 






latr^TittiidSoo* c:'at?3i:i^l 


















"fti^8b^at 31i8 itt^6?>l 
9 ; iSaiidV 




123 

130 ••• 




;s4 








.■■'•'1: -.:/-ta;VfTJ»*-.. 




133. 
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Time 



Date 
April 



8 



10 
11 

12 

14 

15 

16 
17 



Hours 

from 

start 



141 



143 
146 

149 



152 

160 
161 
175 

196 
198 

222 
224 . 
240 

250 : 
252 

296 

320 
325 

329/ 
346 



36l, : 



Heat 
Input ; " 
total 
lO^Mcal 



1,15 



:"1.23 : 



:? ; •' " ^ -X^XX-y- XXX ■■ 'X <- : X- .^^1 > •• i?6o ^ :y - 



PluidliV 
fi m 



<9 ..ife'^ 



2.24 



•: 3*50 $ 



.•3.90^1 



6,'-: 



ii .3 

H-9^ 



16 1 5'^ 



, : iiv5;|; 
A3.0;;:/? 



ii. 8 ; ; iH 



' -j Remarks C';'!; ; 



/fife' 




-sterns 
<x^^mr 



£r, 'r£^- 




i%36.-l : .4o. ?p 
Ii35-li45 

: nStii§6l 

i.i.6q|1^65f 
1^6SC85!; 



,f!lo^8p 




■ff^K" ^ri^^t; :iB-tube 'pi'ujgge<i : b3^' 
^Svf:<j : wt';sAnd : i^ Removed 1 - wittt^ 

t;gs% 2 ^ : ;c;at-'-3o : 

$^g^'X:mOft M The ^6i3iin*?"^d : ^l 
idCnUiioiiai^fc^eri^ai^l 

: by ptiXlihgTit S -fe^tfy 
.eaeh-tifte i;J^Could :? iidC^ 



Sill 





f^i^rCompr^: stopped v^llt 




?^^.;btirnigd -of f 




Time 



Hate 



April 



Hours 

from 

start 



14 



15 



25 



26 



0 
1 

. 2 
5 

. 7 

8 
1* 

20 ' 
•24 

.55 

.56- 
40 
42 
44 



290 
296 
500 

504 
520 



58I 

584; 

589 '■■ 
593 
600 ■■ 
604 
605 
609 . 



-Heat-;;^ 

Input ; J 
total 



Amount 



lO^Mcal Am!" 



0 6 

0.01 ; il:v?. . 



0.06 



FluidiV* 

• B m .;;'.Vv 



:,.b/a.:.5 : 



.0.'23.>;,-/."- 



.;o.36j 



"-3 /' : 



•■■.1 
:1S 



"4 
••5 



gig/cm 2 







•STempVS 
^-Exhaust 



Maim 

mm 



pi&f:63^ 



Reraai7ks 



Start ;";;rvio-- Mcai/b-h'J^ : S : 
Off wh^ri h-^i & incrS tSS 

11 Meal ir-r?^^:--.:^^ *r^3? 
^. riX);Mcal/b-h i ^ 

6f f \wheri h i \ : : 
iiiMcal 

On , f ; 10 >Mcal/b -h i 



i3' : M(iai/b^h r l%^f(^P^ 
Of f : .ABbu't :4; to', wat^vitf 



, H V": «■ 



pfi -^l^Mcal/b-h *^^a>^ 
watefe blown but 




Shut'ioff i to* pUii ; btirti^# 
: and ,bi^vK<>uti ■ ail v f WkteiS^ 
;WHeif^uM#rkwas■ ' ktihfc^^ 

of v 6^asingV?4it^V^ : :^^-! 
sealed \vrith rubber vbae^^! 




.t3p?and"^ottora: : . pliit^'s^o 1 





:ShutpffV^;No; : :fiui^S^S 

^tffl*^ 'Puiled^#i 
-and-all ^and fiuid vWater^iF 



5 &m^^^f^0r^:0^ : 
















































. Gas-KL>2,. B 








* ^ate 


Hours 
from 


ne ax 

Input 

total 


Amount 


Sand , 
Fluid! z; 




pressure :ff> 


v;Temp A ;v. ; 
Exliausf 

l • V^- >-<.. ; :■ : 


■ : ':T'-- ■■' .neniarKa ~u ■; • v - v : * -vi 


j Mpril 
1— 


start 


10 5 Mcal 


A m 


B m 








j 28 
1 


642 




■J,' : '■ ' ':. 

V ' ' '. 


11.8 X 




075-:^8d| 






! 29 


670 • 

671 

672 


1.99 ] 




- ■ V" 1 ": "v. ' - 






Off i • ijnkhown " : reason ♦ V t :"-j>J- 
0ri/?^>^;L; \ ■:■•/>-"■;■«■ -Ky'V^ 
Plug of sand in. burner: ^~ 
e^'ing removed with *altf,i 
IVl.mrPS Sand added^^r jf 




708 


■ 2.51 


■:'> : . ' y 


10/5 "1 




:i"i65^t5-| 




tKirlhg April* -P ;f;6 : ^ ; ^T^ 
r pfl^i87^ hours Y?^M^ri'^ 


May 










SI 






OI X ; ^<:1 ; no UTS « i^. -".^ 


1. 


710 






' . i: 
10*5 ; 








naxu : Sanu. pxug ax . X.O 'in ^Kr 


















-blown:- put --^ 


2 . 


748 
















7*9 
752 ' 






• ;■ t 








;0 - ; s'ahd . added l^if§ 
onux or r y . wo. - rluidi z * 
^BuriierSpulied and safidlf 
IbidWh dut^;" Hoic^^^mtf 


i 


■ 




:"rr' '' 


- 


T>..- ;^v»:^.vi,-i 

i ?. ^ - '. 




- • i .r--?^^sS-^ 


: ert^ded ab6vfe:|, 
^b-tube:?coupiihg bSgdiu^e^ 
'^f 5gaa ^ieakage.^rbugfa^l 
, . c oupxxng . ine _xop . c enx r*.: 
.* cixx^wi^j .on ooxxoin parx;^ 
v 6f ' ti-tubi" v^as 1 «2 tfifiS'^ 


















^^^tube^ou^liiig^l^il 


H I 


790 i 




'ST; 










^^ith;new. bHubei^diiijS 


i 
t 

! 


(91 
792 

794 ■< 




:'^-v.- ; .i- 

6 "[-.= |;- \ 

- i * ' ' - 1 ,.« i ■ 

" ■ * ■ t ■ 

' 1 1 ' ■ 'v " ' 

• J *'"'.'-- * ' i 


-» 








: 


796 










df t ^;0asf^air miitu^€T^|S 
but '/of - cohtrdl * Ohv &f ^5 


■ 


7Q8 




"• ,: r.::->- ' • 
. • -. >"*- * *■ ' " '■ . * 


. • • - : - - .■: "' 

■ ~. -3' . 


■. ""vTr-:!^!' 




mm 


: ^er:\k;^f ew .toinutefiiYfeSa^i 
Off ^gGasT-air^ miJctU^^ 




799 " 




"•*"" * ■ v ':; i ■. 














800 




: -\'3c^V 7 ' 


■' : i2.f2S 










5. 


' 817 .:: 


















-822 ' 








.^^^ 








•6 


846" 
















7 ' 


856 


! * ■ 




10.9 




SlHi70^i=85'3 






8 ■ 


870 

878 . 
879 


I 4.25 




.12.5';-^- 


->=i 




01 r. « >^ Unmovgi f .reasdtl 4$^?* 




894 






11 .5p, 




|^70p^;8o^ 








902 


4.54 .;• 






■ ' ^&T?~ ^ 






•lVMcaiA^'^^ 




908 




■5.5 • " 

6.0 ;. 


■.12.3;-;'-: 


r...-\;-''Y.*: - ij , sSs?a 




^9;^ 





Iteport on LIM5 Burner Test Gas-KL 2 - 



Ma y, I960 



The Gas-KL 2 tast was shut down and finished' May 30 th at 1,452. hours from, 
.start becauss five cf the remaining eight burner casings burned off, probably * 
at weak casing welds. The burners had bean working, quit® '-satisfactorily. 
The sand expansion increased and th© hsat' : distribution was >s good as espastado 
However; tSusro wera still difficulties' with sonic coildensirxg of the 'combustion 
water, and clogging of ths sand to sand "plugs at tlid .top of the fluidized bed. 
The burner tub© coupling is still another woak ^int, ;but"-a promising improve* 
meat was made. • It ia intended to continue with a^ third i^st ';*f five -burnsra 
where 89 x 3*25 tnm (3.5Q M 3^' 0. 13" } .burner casings of carbon steal will ba usod 
In ons length without any Joint welds* , \' 

Operation "[ 

Th* test continued tilth the burners B 2 3 3, 7/8, 11,\l2 and 15 and also- with 
B 15 khich was restarted Kay 3rd at 766 hours . J.m S:'9\ssahd was added at X the 
start of B 13 arid ths sand was Increased to the normal amomt of 6 ra within : 
4 hours, thus Eueh faster, than, previously. , The . haai input was kept at 14 
Mcal/b~h (56,000 ETU/b-h) until 817 hours/ when it wasyiowercd to 12.5 Meal/ 
b-h (50,000 BTU/b-h) to dacraaae, the.. r sand" loss. ; B 7, "12 an&vl5 had 2 m of 
thsir bottom parts of the burnar casings cemented and wore running with 8 m 
(26 *3") long burner tubes* Ths other burners still consisted of 10 ra (32*10") 
long burner tubes „ "1 • ' "V-: : ^>1 : v.. 

- Tfoa toot was shut down the following 'five Itiaes whiclijamounted to 21 houra. 
2 hours for power failure and -19 lws(fop\-^tiTOi'Va^W'and iaaintenancs on 
thfe raising equipment. . ... J -}' ^F:-* 4 -^'*:? ^$B$'5f-"* r; *T • 



Hours 



from start 


.Hours off 


798 


iy 




2 


1.051 


12 


1,170 


1 


1.187 


5 



Reason 1 ' 

Gas-air mixture failure 
Power off 
Air failure 

Gas -air mixture" failure 
Maintenance on mixing equipment 



During th» operation and inanediatoly after tho ; ts 6 t shut-downs , Q ome of the 
burner* mre shut off during a total time of 206 burner hours. This was due 
to the bole* listed onuses which -also include the . removal ^of condensed-water 
and sand plugs the burner" casing .above the cone ■'•level without shutting off 
ttia burner. (TJjs aja&ols are the sens -as used in the April report of i960.) 

C Burner puliod because the burner tuba coupling could not be unlocked 
after a 8hv.t-dc.TO. , 



E. 



P. 



Water and sand plug reooved in burner casing with air. {The burner rac 
not shut off.) ' : : " ' ; - 

Unknown reason. 



G. ■ Eur-ner tube 


coupling dsnsaged* 




H- MiecsUarj2ou3 shut-off ' 




ThQi5© wonts accused the following Mmec : 


: .- ' ;* ,:j;v.- J . ,"' 


Burastr 


C 




^■■^ 


B 2 






;,1. . ; ... .< 


B -3 








B 7 


1 






B 8 




i* ■.. : i, .'; 


' -* : .'* i'-'C'^"' : 


a 11 


1 


15 .2 


; ; : 2 .; '.V ; 4^ • 


B 12 




9 ■ 


.1 , ; V.V 


B 13 






1 


B 15 
Amount 








hours off 


* 31 


0 1 84 


90 ,.. ^6;, .. 



The nsost serious cases of these incidents - ere the iE 'Wd G ones. 

Despite the Band usually was fluidlzjus ail ri^/the water in the flue gases 
condensed in the humor casing at the .top of the expanded sand bed. clogged 
ths finer sand particles and formed sand plugs. Some of the water was then 
collected on these sand plugs and a. bubbling sound. Was ; ,hoard when the gas went 
through this water. The water and s ^>ad plugs wa^e^easily blown up with 
air through a one inch rubber hose whieh. was sank doim\o the sand plugs. The 



burners $3A. neves* have to -bo .sdut off >■ when this : w.ai -p«rforaed. N As /shown 
above,, this was dons only one time in.B 15 v For* some unknown reason the 
temperature in this burner casing above the fluidizod sand Isvil was about 
20 % hltfsar than in the otters therefore the water .did not -ccndsi.ee*: However, at 
the top cf tha easing- the toraperature was the Bam®, : about" 60°C, in- all the 
burasra.. B 3 'and B 12 did not oither givo so much trouble with the water 
condensation, but those burners were hot in operation so long time. 

The wa'akost part of tho burner Is. still the burner \tube coupling, As shown 
above, six of the burners had to be shut off ; because of damaged couplings 0 
They did not tighten well enough so ftVpart '--of 'the ;hot; ? flm. gaaes wont through 
th*? coupling. Together with the send a severe erosion occurred on the top of 
the coupling part, which in B 11 end B 15 resulted in holes through the top 
part of the burner tube about one inch above the coupling 0 B 15 ' was' .supplied 
with a now coupling, whllo the. hole in 3 11 was. "filled 'with weld and the conical 
coupling surfaces were ground. r;Ths obtained cayitieaVon ;-ths pother ..couplings 
visrs also filled ^ith weld and the conical parts ground dovin to a saobth sur- 
fac®. ?h» aauss to this leakage might have been , a thsraal tension on the 
coupling and a isiniulteiieous b«ndihg of 

on toe coupling surfaces :bec>^,iniavOT^ could leak 

out. In B 2 and B. 11 attempts were'made to irUbilisra^ihe? coupling by Inserting 
a 1„5 m long 25 * 2 an (0.99 n * Q.08") tube. Inside the burner tubs, 

weldod to the top part of tha burner tuba, 0.25 a (iO n ) 1 above the .couplings 
Because, the annulus- space between this coupling tutor. and. .the burner was only 
about 0.5 bb (0.02"), it was impossible to get this'.tubo dnside the bottom 
part of tha burner tubs after tha uaiiial way of burner lighting, Therefore, 
a hols with a. diameter of 20 mm (0 .8") was . drillad; on the coupling tubs 1.3 m >' 
(V3") below its top. Wwnitha .taa-xw Ha8' ; reUt;:^'A»)rnei'\tube -kas' lifted 
1.3 m so the hole through the coupling- tube caaa - Just >abqye the bottom, part 
of the burner tubs coupling while about 0-2 m • (a^dg^^coupling tube still 
was inside the -bottom part of W^er';^^ 
want into the burner and up to the : c^e" ttooug^ 

tube. Then the top part of the burner could, be . sunk:' down and the coupling 
locked. The coupling tube stabilized the buroer tube coupling and also with 
the about one tnetcr long narrow annular passage to the coupling diminished 
the risk of gas leakage. Tha described coupling tube was installed in B 2 
and B 11 at 1,1^0 arid 1,168 hours rasp. She tube W/mada of carbon ateel 
because no other quality was available atthe time being. Despite the severe 



corrosion the gas leakage through the' coupling was much loss than earlier, 
whiah resulted in en increase of the sand* expansion „■ 

Bosidec the three tiacs when the burner tube couplings could not bo unionised 
after a shut-down, there ^ere no difficulties in restarting the burners against 
the- sand except after the longest shut-down of 12 hours 0 At that time, air 
had to bo blown through the burners before the lighting, because the sand had 
pax*tlally plugged the bottom of the burner tubes 0 

B 3 burner caning burned off at 502 hours, ■ Even if the burner was stuck in' 
the f*a3:lng so only the supply tube could be' pulled, the failure" war: probably 
due to a broken caning ^cJ.d fit 8 ni below ground surface, because it was im- 
possible to got a rubber paeker by at this depth« 

After the tsfst shut-down at 1*051 houra the 3 12 burner casing began, to leak 
pyrolysis gases. Only the supply tubo could" bo pulled and the cause to the 
failure was probably a burcted weak easing weld* . - : <V : " 

Between and 1,^-28 ho\vra the burner casings of B^2 j: B 8 and B 1J- hurried 

off although they had been working fine. The burners eould be pulled* They 
were undamaged e;ceept sonic signs of a little gas . leakage through the burner 
tubo coupling* With rubber packers it was found that thG casings were off at 
the welds, placed at 18 m, below 9.5,m and at 10.7 ra in reap,, burners* In 
B 13 it was proved that the -leakage .was at the upper weld of the stainless 
part of the burner casing and in B 8 it wa3 probably at -the lower end of the 
stainless steel Joint,, 

Because only B 7, B 11 and B 15 were Intact the tost was shut down at. 1, hyi 
hours o At the sarnie time B 7 shewed leakage of pyrolysis gases, but it ceased 
latere .* 

The following table shows the amount of hows the burners. -were off during May 
and the total supplied net heat input during May and from the starto 



Shut-- 
Conns 


C3GffiS 


-during 
'.10-? Meal 


May- 
10- BTU- . 


to'uel from start 
: 10^ Heal 10 BIU 


21 




: - . 0»8O 


35,0 


12,95 


• ^ 51.5 


1 


0 


'. 2o57 


10,2 ■. 


'7.57 


30,1 


21 


17 


\ ; 8o72 


34,6 


13.22 


52.5 


.21 


2 


: 8,8o /• 


35,0 


, 15,32 


60,9 


35 


.62 


7,97 


31*7 


9-71 


33,6« 


3 




,■ • 4,35 


, 17,3 


. 6,81 


27,1 


21 




8,04 


31.9 


13.02 


51*7 


21 


39 


/ 8,42 ' 


33,4 " 


' " 10,93 


4^,4 



Burner On, Off, .hours Heat input, net 

No* hours 

3 2 1 * 690. 

B . 3'^ 194 

B 7 636 1 

B S 1 ^ 690 

B 11 627 

B 12 1 ^ 5>tf 

D 636 

fl 15 664 

^ Burner casing of£ a ./^ 

Tns summary of test data are shown on Tables 1 and 2. ^Th$ .complete tost data 
for sach burner are not included in : the report but they will bo swailabls 
later** ' ' ■ ■ '. * ' ' :r ^i'H^^--^,:\^ ''v'^. ■• 

Sand flul dAzation / " * :.- *fcT*V.V * 

It wm- found 'that the sand, height of the settled bed \ovOid be determined 
without shutting off the humor,, ThW- iisat Input Was firat decreased so the. 
pressure drop through the burner ws ;bnly aboutTo^ - 8 psig). 

This corresponded to such a low heat 'input* that thk f sand did not " flu j diss . '.' 
the eand bed^panded 'about 0,1 a {^H; ' ..Than a"l/4y>Qd;'iron : 0.7 rn (2 feat) 
long %*&3 sunk down to the sand ' -to^k; "taped wireY :: ''After it 'had ' been palled- the 
heat input was increased -to normal value. The reading took about on® minut© 
and the measuring could be done oo heat input vras decreased only for 
about. 20 second It woo found that the burner could even "be completely shut 
off and be relit by Itself after such a short shut-off 'tirae^? 

Table 3 is a summary of the fluidizati^ ■ * 

•settled and ttuidiaed- beds 

fluidizod beds during three differer^limss hours Whan 

the heat input tfss 14 Mcal/b-h (56,(^:|^ hours 
■*ftea there were difficulties' with l^^feu^^ '§Se^ou^i^ S ; ^and Wil- 
the end of the tent when- the burners 'usual^ right except far 

soiao difficulties with -eondenaing uaterv:. " y^'v^i:' \: 

The Band -data show thst the. sand expansion increased " even after the heat input 



wan decreased from lft,0OQ to .12,500. BTU/b-h. 



The heat was distributed higher and higher up ju tWcasiags s.o.less water con- 
densed end hinged the .-sand expansion. It is interss'tii^. thfit Uier« was -only 
a elicit, differenoa in the expanded , sand ..height between the .8 ech 10 m long 
■humor tubes. The -average of the expanded .aaid^heighte.f op -thecc b«irnera . 
excluding 8 ;» «as 14.1 and-lVTra pesp^itf^ and" 43*2*) ,'dwlns.the 'last 

500 hours. t ' ( # ' f \ " •• '• " ' -'■ ' t ;•'= : 

\ '• ' ' ""■ V' ,! '■■ " " 

At Hie end of- April different •atnourits of a sieved packing, sand, called PS «aod 
was tried in five burneps. Two of .those burner casings ' burned off in April 

B 15 ted to bc *>"- UGd wnen alao the sand was "blown out and than replaced 
with S 9 send. The remaining two burneps B 11 and B, 12 contained ! and 2 m 
P3 sand, added nfter 5 and 4 m 3 9 sand- reap.. It was thought that this some, 
what smaller" sand aisa should give a larger sand expansion then the L 9 sand. 
For B 11 there was no difference and B 12 showed less .good f luidization . in- 
stead, the finer particles elogsed easier with 'the condensed water in the 
burner easing, therefore only L 9 sand was used after .794 hours. 



The sand size of the f Iodized' sand was determlx«kiat%wo 'times. The sieve 
analyses are shotsn cn Table The" "first 'sand "s^apJ^eWWn froa the 
top part of the fluidised bed at about 970 hours, one saaple from B 2 and one 
from the other burners together. Th» difference in average sand size was 
negligable and was about 80 Ji of ^.original .sand l^Afiaav the test shut, 
off send samples sere taken froa D 7. B 11 and B 15 .after about half of the 
sand had been blown out. The average pajjtieie sise varied from 88 to 93 % of 
the original slse. These sand aanples' .ab^'^-'the^ed S 9 eand was broken 
down into finer particles quite slowly.. The ®aed partiQlo size was also within 
the right limits. Fqs» axanple B 15 showed a sand loss of aess than 0,1 m 
sand per day, On the other aide the other burners showed. a high send loss hurt 
aost of this was probably blown out with air , when the sand and water plugs 
were removed. •■ •- : (b , -'i- ' -• ' •h^ - - - ■' 



The pressure drops through the burners did inot correlate to the - amounts of 
.sand except at the top and -bottom -Units' of the sand heights, of 6. and Vm 
(20 and 13 feet). The pressure drop was then decreased froa about 2.00 - 2.15 
kg/cm* (28.5 - 30.6 psig) to about 1.75 } £-i.SQ?]&ca 2 ~ (&.9 -27.0 psig). 



Heat diotributlon 

The tawature rowings takon in T 2, 3,: 7, 8, U, i 5 , ^.Showed , a fairljr 
oven heat .diotributlon without any abnormal heat concentration -at the -cone 
level. Tha teaporatux* was also determined inside -the burner casings with a 
Uwrmomoter in tftfi sans holder as used in tha temperature wells. By this 
squipmont. the temperature could be measured only domi to, the; very top of the 
fluidland bed. It was notieable that the sand plugs In the burner casings 
were -formed whore the temperature was; about 100°c (212°P) except in B 15, 
which below this temperature showed about 20 $ higher ' temperature than the 
other*. A -few temperature curves in the t^per^tur^ JwqIIs awi inside the 
burner caalnge at different times .are shown on Figs !|£ 'through 7. 

Outline for a ne;j test, called Gas-KE. 3 '': 

Because nine of the eleven seeing' failures /^b^ly/oiin^be^ied as weld 
Allures a net* test with five burners WW eiu»l^; J l2i ? one;ieaBth will be 
started in August i960. The same burner tube 'eoupi^^s"^^^. 2. will bra 
used but completed with coupling tubes of 18/8 stainless steel. The, diffi- 
culties with the eondsnslns of the combustion water jaboira the top of the 
fluidiaed bed are assumed/to. be. overcome '.easier by- installing -1/2" tubes "in- 
side tha burner casing through which air e'an be blowrilat any tine. 



Narkes Kvarntorp, July 29* i960 
J. (Bengt PeraaohJ 



. Oaa-KL 2 ' • : May, i960 


.Time 




Burner 




Date 


Hows 


■ amount 




Kay 




in oper. 








1 


: 703 




1'+ Moal/b-h, -J' ■ 


2 


752 


6 


' B 15 shut off. Hole encoded out on b-tube 

•Coupling..' 


3 


766 


7 


B 13 on. • ' . ■ 


4 


7QQ 

f -A-* 


a 
0 


•. B 15 on. ■ 'J r ; 




796 


6' 


B 7, 11, 13, 15 off* '■ daa-alr. raixtura out of 
control. B 13. 15 on In a few minutes. E7 
b-tube ooupling did not loosen. Sand above 
b-tube coupling in B 11. 




793 


0 


All burners off . Gau-air mixture but of 
oontrpl. • . " 




799 . 


6 


B'a; ; 3, 8, •12 J ;.p,.i5)on a ; o t ; v . . 




81* " 
817 


7 

8 


B 11 bin • 1 12.5 'kcki/b^^^M-r - ^ 


6 


846 


7 


b i2 -off, " ; v/; ; > :\_ ; 






8 


• B 12 on 0 . : y-; : /'. 


8 


878 


7 


- B 15 off. . _ : ••; • 




879 . 


8 


B 15 .on,. , ■■'yr-y- '.. 


9 


902 


' 7 


B 3 btiroor casing biirned off 0 - 1* Mcal/b-h* 




910 


7 




12 


992 


6 


B 12 .shut off for iriflnae*Man 




996 


7 


' B s 12' on.;* y^ : - 1 - ' 


13 


1014 


0 . 


rOwQr Olio •. ■ . *. 




1016 


5 


B 2, 7, 8, 12, 15 on.; ; B-ll, 15 burners pulled 
for Inapoctlono ' ' V'<\. 




1021 


6 


B 13 on* . y -. 




1024 


7 


B 11. on. ':"- K ."r- 




1051 


0 


All mirners off duo ^to dacrftaao- of air voluraao 
Air valve waia partially, plugged by oil and 
.acarps. B 12 burner casing was corroded off 0 



V •■'•'V':'; G 2 - 8 

Gas-KL 2 ,<•; •; •-. May, ig60 



•Time 






Date 


Llourk 


amount 


May 


• from 


In -op sr. 




fetarfc 






1055 


5 


16 


IO89 


5 




1091 


6 


18 


1137 


5 






6 


19 


11G0 






1168 : 


6 




117Q 






■1171 


1-5 


20 


U85 


6 




H87 


0 - 




1192 , 


6 


30 


1*122 : 






Ua8 








0 



-.Remarks 



B.2, 7* 8, 13. "15 bn 0 : D lib-tuba ;eoupling 
.leaking,, * v 

\ B ' oru B 8 chut off for inspection* 
B 8. on,, ;.}^>f'-l\\^ 

B 2. shut off. for installing of .coupling tube, 

B & on. : -' : • 

B 11 shut of £ for installing, of coupling tube. 

B 11 on,;"' ;: .;' '/^fr^ V- ; v/' 
Gao-airrai^ 

B 2 »i; ^» 8. ! .13V ;15;on^;c<^a liiot ' asperate B 11 
burnar parts because eoUpllxig tuba woa too 
•tight, 'ii;,:;- •. * :V 



Shut off for cleanin^/cbf 'mixing Tralves and 
''regulators.''. " ;> " * : l ^ y - '" ■ - 



B 13.burae£ic^ 

B 7>^ll,: : 15^shut of^^ B 7 burner casing 
loading .-V AtEho total ha at input was 89,530 Meal, 



• . , ' . May, I960 

Su^ngry o f sand fluidi2iatibn In Qaa-KL g diirin a .Hay, I96Q 

Burner Ilouva Sand • ' ■ 

Hon f ro\3i aterb Amount Fluidlsa'cion . .Expansion 







■ 


A m 


■.;'■ B D ' 


Average 


B/A 




13 2 


708 


- 817 


4.0 - 60O 


12.4 -14.3 


.13.4 








8.17 


- .1150 


4.0 .- 6.0 


.12.7 - 15.1 


13.8 


2.1 - 


.3.4 




1140 


- 1422 


5.1 - 6.0 


14.5 ~ 15.7 . 


•14.9 


•2.4 - 


2.9 


B 3 


70Q . 


- 817 


3.7 -6.0 


12.2 - 15-5 


■13.8. 








817 


- 902 


4.5 - 6.0 


13.5 - 14.3 


•13.8 


2.3 - 




B 7^ 


f v> 


„ 817 


4.1' - 6.0 


g.O - 12.1,; 


, i 10.8 








817 


~ 1150 


4.0 - 6.0 


10.9 ~ 13.9 


12.5 


1.8 - 


2.8 




1150 


- 1432 


3.6 - 6.0 


12.5 - 15.5 


' 15^7 


2„2 — 


3.6 


B 8 


903 


- £17 




; 12.3 - 15.1 


< 13 *. 5 








817 


- 1089 


4.0 r 6.0 


12.6 - 15oO 




: 2.1 - 


3.3 




1091 


- 1421 


3.9 -6.0 , 


.". 14.0 - 16.7 - 


""-'15.3 


2.3 " 


3.2 


□ n 




* UA ( 


- 6 0 


•12 0 - l^ 3 «i f , 


■ 12-3 








317 


- Il60 




11.7 ~,lk.2'-- 


\ : ; 12 - 6 ■ 


2.1 - 


..2.7 




U85 


- 1^52 


4,7 - 7o0 


13.8 •-" l4o3? 


: 14.0 


•2.0 - 


• 2\9 


•n 1 »>^} 

fl 12 ' 


TOO 


- 0I7 


- 0.0 


- 10.1 -•■•12. 5 ; 


. jJJoy 










_ QOP 


4.0 - 6.0 


,9.8 - U..8 i 


. lloO. 


1.6 - 


■ 3.0 




qq6 


- 1051 


4.2 - 6.0 


13.0 - ,15*0 ; 


: I. l4ol 


2.3 - 


- 3.2 


a 13 


766 


- 817 


6.0 


12.3 - 13.* 


12,8 








817 


- 1014 


4.7 - 6.5 


11.9 - 13.3 


•: 12,6 


1.9 ■ 


- 2.6 




1021 


- 1428 


4.7 - 6.0 


13.5 - 15.2 


1**6 


2.3 • 


- 3.1 


. B 15 S) 


708 


- . 817 


-.6.0 


. 9.6 - 12.7 


10. 9 








•8.17 


- 1150 


5.4 - 6.0 


, 10.9 - 14.0 


" 12.3 . 


1.9 


- 2.4 




1150 


- 1452 


5.8 > 6,0 


• 13.5 ». 14.9 


a4.5 


2.3 


- 2.5 



8 m long burnor tubs* 



Sieve analyses of Oag-KL'' 2 burner ^aand 'r^-t: 



*i May, I960 



<.10 ©esh 
or <- 2 Ciin 



Sop of S 2 cand 

bnd at 970 hour a 0*5 

Top of B 7I 8, 
11, 12, 13, 15 

a:md beds at 

970 hours o«7 

"Middle of B 7 
esind bed at l'l'K) ; 
bourn o«2 

Middle of fl 11 
c&nd bad at lWo 
hours o,2 

LSlddlo of B. 7 , 

©and bed at 1440 

hours 0,5 



• $ of -aand. js'lzo "r ; \ "^;^v#y>/. ^ : ' : 

Q v-';'- -Average 

■lO-lB-oeah -19-35 mesh . ; >55 mesh V particle 
' or x ~ 2 '. or; p. 5-1 rm : or>Q.5:rm + aize, imn 



^ of 
orig« 
* size 



FP/Stsn 

i.a. i960, 



56.0 



;;30o7 



V:/. - 12,9 1-121 



80 o0 




70,0 



* 80,8 

.,'53.1 ; 

-"V ""■■! 

:• 88.1 



:--r^';-?»-:*v;i:f 




APRIL - HA Y 




300 



TIL 

QE fill JMNf^L£Mm& 




APKII - MAY 



Inn 



100 



200 



300 



400 



Preliminary report of Qas-XL ^ v 
September through November / ig6Q 



Purpaaa 



It was concluded from the former test : 0 as-KL 2 that W? "of the casing failures 
were caused by weak welding seams . • Therefore, it was desirable to test the 
burners with the casings in one length Without W joint Weld. ; it was also V 
found that a coupling tuba in the burner, tube coupling Stabilized the coupling. 
This was tested only at the end of Caa,KL 2 'W^^^hm' ^ t^^- 
eess&ry. it would also be advantageous, to obtain more ^perienoe about the 
difficulties with the condensing water and sand -plugs : SVtop of the / 
fluidized bed in the uppeV part of toe 'burne^caiing^ :'' : ~~ 



Thus a- new test was started called:^s^ ; ^ 

Test arrangeme nt • . '• ■'" \ ' ^ ^:^^^;^^f^^^f ' " «> 
.. Five ^rners were placed ^% 

B 16 through B 20. . The o^g^i^^ 
ture wells, .numbered T 15 iauWt*-*?#^^ 

T^burner^holea were^ drlll e d ; to "i^J^^^S^B^Wi-i - 
(106 .6-) long 8 9 . 3 . 25 . ^.SO^igS^^ 

were set at * m (105') from the ' f^^^M^^ ^ ^ 

bottom of the holes. Thus, 'U 

The same k m d of supply .tubes ;^oonea^^ 

The burner tube wa* 10 rn io^^^^ bu^^^ p i ing with a , .* : 

25 • 2» (0.99- - 0.08") coupling^ ^s^ue^:!^:^ ( g, lon) below ^ ■: ^ 

cone. /. ■■■ r. ■ • ■ • ■ 

The equipment 'for the fuel ga8 ■ an<S#p^ %^^W^KL ! 2f ^ 

Test operation ^^^^^^^^^^^m^i^- 
The five burners were first s1»rte^^^ the^hg^ 
eqUiPffl6nt W ° r9 GOon countered. ^Chad^^^ with afew '■ 

-dnor changes. At new reli g hting 3 ;: it was 'feu* coupling tubes were 



stuck in the bottom part of the burner tube ♦ They had been bent somewhat. ( At ' 
last the 1.25 m (V 1") long coupling tubes were cut of f to 0.8 m (2' 8") and 
the lighting hole placed at 0.5 (1^8") m below the coupling. Then it was easy 
to pull the burners for relighting 1^ v>:^--/;i> ; vv j-f^-v;'^^ 

Most of September was used for these /different adjustments^ was not 

running smooth until September 23 (398 hours) * ^ ■ 

B 16 burner casing failed on October 2 (624 hours)./ V; It was later on found out 
that the failure occurred in the bottom of the casing^ Hfief ore this casing was 
set a 1 m (3') long pipe, used for rinsing dropped 
The casing was then set about 0 J2 . m ' (8") above^thii^^^ * hive been ■ ■'. 

too olose so at the heatii^ of the c^^ pip* which 

thus pressed up tha bottom plate o^ttoe^aW was ) 

made to tighten this leak. : .■ - ' ' 

B 20 cone twd casing, burned off on' September was strictly 
a cone failure which could have been /caused fay .a 'brak^';iii /the casting- At th 
same' time. a small tole ^ A co^pded ; o^ hole 
could later be tightened by Prestsi^^ 

with a new cone was restarted on ^ in operation 

during another 206 hours until thefihut-bff br^^est.^!;-'. ; / : ; • ' " : : 

B 17. 18 and 19 wens running fine but with difficulties of avoiding the conden- 
sation of water in the casing above vthe top of '-'the ibxpaaded sand bed. As in 
earlier tests the water oreated sand .plugs /?)hich . had to . te, broken 
by blowing air through. This was wDB^ly^dbne by blowl^" air; of about 4 atm *, 
(60 psig) air pressure through 1/2 ^pipes~ install^ to 
the top of the expanded sand bed. At many oceaaioiis the amount of air /was hot 
enough and the water and sand plugs had to be reniovediWth^alr through a i w 
hose. . ■ .' ■ >:^4?:;p'-p '^ •• i' :.' . 

This water probleai probably Spends Jdnlthe ; heat per burners 

hour (56.000 BTU/b-h) was used unti^5; tours ^fter|ai;art >hen the heat input 
was decreased to 12.5 Meal per. tom&fa^MQ. fcH>/b-fc j t i It was increased 
to 14 Meal again at 1,384 hours. Afjer; this ineMas^^the^combined water sand t 
plugs began to cease and from 'l#55#-f^^^ 

no efforts were necessary to brake-loose-ithe^iugslr^ • " ■ ; - . 



At the end of the teat even heat Inputs of 15 and 1(5 Meal p r burner-hour 
(60,000 - 64,000 BTU/b-h) were tried for short perio^. ; 'The obtained- heights 
of the expand d sand beds can be summariz d .follows v^.:. 

12.5 Mcal/b-h 13 - 15 id (43' - 49.') expanded bed 

14 15-16 >(49'.,- 52^) ^Vi&S.i:' , ' • 

The amount of aand was varying between 5^ and. 6.5% Jl6^^1 *) burner casing. 
The expanded bed varied only somewhat 'with this; difference >f ^sand! " ] 

Table 1 shows the total heat input and the operatibittme 'for each burner during 
the following different times: ^^ ; ^^iM^^ r: . v 

The start period September 6 r 23 (Ol^^'hou^'SSl^ : ' 

The main test period September 23 r : Nov^r;ii:^398^i'.'l.604 hours) » 

The end period November 12 - 26* (1,604 -i,936 hours). - 

During the last part of the test the burners were ruLing Without operators' and 
were only controlled occasionally from November 9 (1,5*0 hours). The burners 
were running fine but went out two times icaused by ■regulator and power failures. 



No electrical heaters were ^' ^t^^ hea . 
ters from row 103 were MW«^,Th^^,^ did not operate 

with the optimum heat supply from the adjacing heaters and 1 We thus shut off. 
About 11,000 to 13,000 Meal (44 to 52 -iliioas'Bnjf.leotrical energy „a. supp- 
lied to each electrical heater in rows 100. to I02;1lteximum; temperatures of 
about 200O C (400O p) were reached' .in the temperature^ well^T 17, 18. 1 9 . 



Results 



At evaluating the results it has to be kept iniminb^ihat 'the burners were not 
supported by the optimum amount of heat from the adjacing electrical heaters. 
Therefore the expected temperature increase was no* Cached and the burners 
were thus running under somewhat . milder 'conditions .% : -^v^ ' ,. ] 



The burners were easy to start by adding about 3 « (id/)^sand within half an 
hour after the start. The additional sand could thenlbe^dded successively 
during the following 20 - 30 houra^Th. vr^^^^ciMmai^ water in 
the upper part of the casing is probably not so serious, "it seems as this can 



be avoided by keeping a high input of about U to 1 5 Meal per burner-hour 
(56,000 - 60,000 BTU/b-h) during the first 1,000 to 1,500 hours. Anyway the 
Plug* of sand and wator can be blown up by high pressure air through tempora- 
rily installed tubes. 

It was encouraging that three of the burners , did not . show any particular wear 
at total heat inputs of 19,000 to 22,000 Meal (7^ to &r .millions BIU). The 
highest total heat input reached in Oaa-KL 2 was 15,000 Heal (61 millions ETU). 
It should especially be pointed out that ;the burner ^ ^be! coupling with the 
coupling tube showed only a minor cbiiosion; i^ the coupling 
tube seems to be a promising improvement of Wa 6<^ii^^ ; V v 



Narkea Kvarntorp; ; December 21 p i960 
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^^Lj^^ Ljungs'trom field. Narke* kL^ ^ 
cffloductgd by Svensfra Skif ferolje AB. V . . , .. ; , .., '7,....- 

June 1-959 - June I960, . '. J - . - V' 



June 1959 



Ahlaell &Ry lander 

\ 5 l™ ?6 =^ 3 ? m ^ for b *rner casings ; 
3. 500 m 57 :c 2, 75 mm tube for gasline ; 

Trelleborgs Gumniifabrii: 
50 rn 1/2" rubber hoae 

SSAE, drawing office * 
Drawing, 18 hrs 

SSAB, -workshops, labor 

Transportation and installation of 
compressor, 12, 7 hrs \ 

i 

Bj&rkluad & Vediu 

Construction cf gasline 
Ind- GasffSren* 

i Pressure regulator '* •i'^Jr&s 

Got& Lars sons Pl&tslageri d V 
400 pipeclampa for gasline 'rfi: 

Husk/ Oil Coo * 

Freight for 2 boxes of burners ""IT^-:;"' 

SSAB, field labor ' "".^A'i.. 

Key to drill reamer, 3, 5 hrs ' - 

Drilling of burner hoien, 21. q hra " ^ 
Unloading of pipes, 14, 0 lira r" 

£?oAB 3 drawing office " - / ." : \ 

Drawing j 9 hrs 

SSAEs "wcrkohops, labor . 

Conat ruction of slab far compressors, W 
iS fern ; ■ fl 

InstaUation of 'compressor, 5 hrs f: 'A' 
Misc, transportation with VW-bus, 5, 5 hrs 
Transportation of compressor, 2 hrs - 



August 1959 



Husky Oil Co 3 

F reight for 2 boxes of burners i 
BrQd- Edstranda ' % '■ 

42 e 97 rn 1/4" pipe of 13/3 stainless steel 



Invoice 
16113 



14906 



,680 
397 

40 1 ; 



2. '231:46 
15.747:60 

190:-- 

.180:.-- 
230:10 



18,579:16 
,' '^,2.500;-- 



'10954l : %, : '.' 



'.'-.^"ii?. 



:20P:-w' 

! 133:64 

24:22 
111188 
■ 69:26 

90:-- 



893 
2065 



216r-- 
: .60:-* 
•"' 66:-- 
•.50:-- 
j, : 32:V- 

j 3. 660: 



Hi 8: 75 
498:45 



18c 579:16 



22. 239:16 



AHA-Produkter 

Making of 12 burners and 10 orificeplate. 
SSAB, field labor 

Setting of burner casings. 1 12, 5 hrs 
Drilling of burner holes, 74. hrs 
Drilling of temp, wells and setting 

pf temp, casings 
Tranaportetion of p ipes 3 mileSf 3 5 hrs 
Weldmgof burner tubes, 31, 5 hrs' 

lTSs W<?lding ° f Part8 for drilling, 

Making of pipeclamps and changing of 

pipe fixture, 13 hrs 
Making of Wei for sandpacking, 6 . 5 hrs 

3™ hrs"*" " 6rk ° n Pipe " 
Transportation of drilling rig 
SSAB, warehouse 

2 mercury manometers, 1 flange to 

orificemeter B 
130,5 m.pipe, 15, 8 m 3" soil casings " 
Urn planks, 37 m planed boards for 
?q C 0°^. Pr n eSS , Olf aad fastr «nent house ' 

boards fS 8 * 115 ^P 1 "*-. 59 m planed 
boards for compressor house 

5 u£oT' I „ C .° Upliag8 ,' 4 ^PPl". 2 reducers 

6 P^rbend^ 183 ' 2 C ° Uplin ^. 10 flanges 

f n PplCS ' J 0 P iu g 8 nipples 

U^mpie^ 8 ' 6uai0nS » 56. 7 m tube, 
1 nipple, 6 elbows ' '" 

58, 5 mm pipe, 11 unions 
3 m square rod •/ 
36 pipeclamps 

SSAB, drawing office 
Drawing, 27 hrs 

12,5 hrs 

SSAB, workshops, labor : • 

SS?* 8 * f 0rific «Plate, 5 hrs 
Making of orificeplate, 1, 3 hrs 
Makmg of raw material for orificeplate 

S!S5 g o£ t cent ^lizer 3s 7 hrs 
Budding of compressor house, 35.4 hrs 
Making 1 window glass, 0. 5 hr 
Making 1 window sash, 1, 5 hrs 
plumbing to compressor, 9 h r8 
Misc. transport in VW-bus, 14 hra 

n " o£ material, 14, 5 hra 

Compressor service, 2 hrs n ™ 



Invoice 



2240 



Amount 



iUV.i-Hr.'*- •• 



560:50 





: 585:43 




385:08 




161:23 




18:92 




176:30 




90:70 


;PSV;r.i ■ 
:'*:}?,:*'. y- • 


; 90:70 




42-69 




:.AU<&1 




j ■ 5 1 0 *4.1 

^H^r-!- - 




495:-. 




.129:21 


i 


25:98 


330:11 




.40:77 




I 94:05 




7:13 




111:21 



331:78 
6:19 

200:66 
6:51 
, 134:31 

270:-- 

; , : 50: - - 

: 16:90 

24S 70 

91: — 
424:80 
V 6:-- ■ 

13:20 
108:-- 
168:*- 
232:^- 

50:-- 



6.489:88 28. 729:04 



Invoice 

September lo go 

Gdte Larggons PUtslageri 

475 pipeclamps " . / . 

0 \ 56 " ' "82 1.782:50 
AHA-Produfcter 3387 ^ ; 312:-- 

Installation work on test field / Vj ; " 

BjOrklund & Vedin 2513 ::. i ; 225:78 

Welding of gaaline ' ' • . "' \ --py 

Agren AB 2777: ; -.C i 8 i :20 

2. 000 kg sand to burners 

Atlas Copco , 2356 : 196:50 

Air filter .:^> L ~' 

Freight . 2697 V 325:-, 

AB Nord. Armaturfabrikerna ^ " ' : l9: " 
Safety valve 

Freight -'3328 , : : •;•:;l^6:-- 
Yx^ "llts Stenhuggeri AB :V 7:80 

2, 5 hrs < Q?.ric 

Eastallatibn, 6 hrs • Jt^ 

, Test operation, ll 5 hra ^ =■'!;<.... 'iiZ? ' 

SSAB, warehouse 561:80 

4 elbows, 26 m pipe -> . 

2 CX weldingrod8 ; 

1 window g ia S8 ' . 27 ;*? 

U t =» m pipe ^ . ■ 

\ 1/4" tee . HI 

J safety valve a£L 

193 mpipe > 7 . '.7^' ' " 

io couplings pp ^-vVffe^f? 1 ? 4 . • 

6 plugs s nipples ' :• -Vr.-. .- - • •-; ? r^P^r' 48 ^5 

J Plug cock 1 nipple "^'V . ./ V*%%[ 

^ RetuSi^h^' 10 io P i ug - cock3 

SSAB, drawing office •':•/« 253:37 

Drawings, 7, 5 hrs 7 ^ . . .' 7.,:>i M :" ■ 

9 hr3 7,./';>- 52:50- 



Invoice 



4 P 

Amount 



SSAB, field labor 

Plumbing to compressor station, 45 hrs 540* 
Making window glass, 0, 5 hr cl" 
Transportation, 0,75 hr 



of pipes from Kumla, 
7 miles, 4, 25 hrs 



12;-- 
68:-- 



October 1959 

Sam uels son k Bonnier ^ *'V-;.".-. . •■. t }' < -V : v / ■ 

200 pipe stands, making culverts for gasline ^ 3829 ; 2,838:40 
Ind. Gasfdren, 



5.568:45 34 a 297:49 



1 pressure regulator 41 Q A 

Freight y 



if 



105:-- 
2:-- 

420:0$ 

; 14:03 

54:60 



AHA-Produkter 

Misc. work on burners x 4305 

Andrew Hollingworth 

Hosenipples ' 4901 

Malte Eurenius \ 

Car compensation • 2646 

SSAB, field labor >\ v 

Setting and pulling of burners, 75, 5 hrs v ; l 392:89 

Operation and maintenence of test, 144 hrs . ^ - ; ; 749:35 

' 20hrs..: ;; . ; : ■ ■ - : \r i-^':^Oc.;iviii93 ; 

- - 9 hrs ^^/^ra\43;97 

Turning and welding , 8,5 hrs '-^M^Mmm^.U' 

Repair of thermometer- reels, 4,5 hrs ft'&rffi&z £#^v^tf' : !3G:37 

SSAB, warehouse r\^sJ^l$:^y. ;g ^S^j^f r '"*" - 

11,5m pipe • ^ • : i^KS^ft^!^ ^K^V^^ W^i^ 1 5: 94 : 

2 plugs .■ " ■ ■" ~^r^^V$?^£r^ 

lJlhJw. 2 nipples ~ ^^m^m^^^t^ 

1 stop cock of cast ateel, 1 stop cock of brass i ■ / ^ iii^o 
1 globe valve. 25-69 
1 Sarco TD-50 steamtrap, 1 steamtrap of brass ' 151^36 

1 bushing „ II 

1 ii : ' 0:33 

7,6 m pipe, 3 m pipe • % 14.) on 

1 nipple r , ^JJ 
10 sacks cement 

5/nfo^L dingr0d8 Zfc" 

54 m pipe • ^ 174. Q4 

0, 3 kg plate of stainless steel ' - IU4 

I tee, bushings, .0,4 m screen {tSl 
SSAB, workshops, labor 

Installation of Ljungman compressor, 40, 5 hrs "' ; 526-50 

Cutting of centralize™ . 2, 8 hrs ' -V.,-^!' . '■ , j&JX 

Welding of belts, 0,4 hr 1 ^ ^Jq 

Cashing of base plates to compressor, 11,2 hrs : ; ^ 134-40 

Transportation, VW -bus. 2 hrs 1 24. 

Ihr - ••: ^ 

" compressor, 2, 3 hrs ; ^ 57-50 

" air tank, 0, 8 hr . 20:-- 



6.168:37 40.465:86 



Invoice 



Amount 



November 19 59 

BjSrklund'& Vedin 
Laying of gas line 

and material 

AHA-Produkter 

Maki ng of 10 burner tube couplings 
Westin & Backlund \ 

1 Norgren pressure regulator 

Freight 

1 Norgren pressure regulator 
Freight 

J^untee & Co, 

50 1/2" packer rings of neopren 
. Postage 

A* H. Agreh AB 

700 kg aand to burners 
Freight 

AB Nord. Arma turf abr ike rna 

1 temperature gauge 
Freight, , ;.v. 

Malte Eurenius 

Car compensation 

SSAB, field labor 

Operation and misc. work on test 
354 hrs ; > 

Installation of compressor, instruments, ^ ^! 

vjater separator, 25 hrs j ;^ 

C^angiiig of gas-air lines and burner tiibes, % l X 
28, 5 hrs 

Misc. installation work, 17, 5 hrs / ^ '\ : 
SSAB, warehouse. 
4 ball bearings 
10 sacks cement 

f 1 *^*, rooting cardboard, nails, etc. 

10 in cupper tubing 

8 elfcows, 1 rubber hose 

3 bushings 

3 m pipe, 3 angles 

2 plug cocks, 2 couplings 

SSAB, drawing office 
Drawing, 7, 5 hrs 

SSAB, workshops, labor 

festallaUon of Ljungman compressor, 38, 4 h*s 
Cutting of centralizers, 3 hrs 
Rebuilding of compressor house, 26* 1 hrs 
Service on compressor motor, 0, 5 hr 
Service on compressor, painting > 7,9 hrs 
Transp rtation, VW-bus t 0,5 hr 

" 0,75 hr 

Misc. test work, 9 hrs 



5413 
5479 
5480 

6157 

6009 : 
tt 

6794 



6051 
it 



6251 -v 

6799 fir;;-: 

■ 6341 M';-'- 



439:66 
5.726:80 
4. 475:73 

304:02 

140: — 
1:70 
1 260:-- 

11:— 
Q:$0 

r 68:77: 
/■ lOBild 

141:^ 

3:>r; 

i79:oj; 



,.:l,84??t5-.,..' 

169:^2 ■" 

199:44 " 
97:95 

sbxii "' 

vl;; r '4li91 ' •'■ 
■vy][ 179:9^:- . 
•/ ; :St.23,t87-.,- 
; ' ; 14:20:: 

■ 2:74 

.5:58 

6j.|| 

67:50 

499:20 

39:'-- : 
313:20 

79: — 
6:~ 
12:-- 
72: — 

: 15. 590*21 . 56.056:07 



December 1959 

Wahrmes Akeri 

Truck transportation 
AB Nord. Armaturfabrikerna 

* water dischargers to water separator -V 
AB Atlas Copco 

Air compressor NTS, used for demonstration 
Air compressor NT8 " un 

ov„ Diamantborrn., aB \ ' ' 

Core barrell 5766.2 * 
Freight 

Yxhults Stenhuggeri AB 

Freight by train during December 
Malte Eurenius 

Car compensation \ I i 

SSAB 

Salaries and payroll burden for test supervisor 
SSAB, field labor 

Operation of test. 81 hrs i 

-"- 116,5 hrs 

Deassembly and transportation of Salzgitter • 
drillxng rig, 8 miles, 4. 8 hrs "^"er 

-r,. • " " 8,5 hrs 

Pipe cutting, 19. 5 hrs 

Installation of compressor, 7 hrs 

~ 7 hrs • 

SSAB, warehouse 

23 m of 12 mm wire 11 
4 m V-belt ' 

63 kg cast iron 

25 1 lube oil 
Returns to warehouse 
SSAB, workshops, labor 

Turning and fitting of pulley,. 11. 4 hrs 
Turnteg of drill rods. 5.6 hrs ' 
Welding on drilling rig, 1. 1 hrs 
Transportation, VV -bus, 0, 5 hr 
0, 76 hr 
crane truck, 8 hrs 



Invoice 

8633 
8274.J 



Amount 



143:10 
;•. 92:50 



8362 ^ 2,409:60 
.- . ;: ; ; 3.014:40 

8610 v^ : : -^i73;__ 

•• ' . "; 50:70 
' 2.107:--- 



421:51 
649:55 
249:78 

£45:95 



165:11 
; 42:90 

';[.. 36:75 

/ 26:82 

:-.'-20: : 3-2 
- 63:76 



W:. 26:40 

*Kr?C ;&/*" h 104:15 



it 
ti 



January I960 

AHArProdukter 

Making of 4 drill bits , 2 drill collars 

Turning of drill bit 

Making of burner tube coupling 
Rudolph Grave AB 

30 thermomet rs 0-450°C 



. 

9i38 
9961 
9962 

9173 



148:20 
•• ; ; tiiV . 72:80 
■•■ ■U;^: : 14:30 

: 12:16 ' 
; ? 200: --. 

M.:£ iQ .:- lSl ** l[ > 66; 213: 53 



■ 507:70 

: : ''^ : ^H;;- / ^43:82- 

616:65 



AB Samuels 3 on & Bonnier ' 

Rent of bulldozer D7 
Fagerata Bruka AB 

475 m 89 x 82, 5 mm tubes for burner 
casings 

Diamantborrn. AB ' 

1 core barrell 
. Sales tax + freight 

Wahrmes Akeri 

Truck transportations 
SSAB , \ ".. 

Salary and payroll burden for teat supervisor 
SSAB, field labor 

Drilling pf burner holes, . 233 hr« 

Set-up of drilling rig. 27 irs' ' '^V' 
SSAB, warehouse '-.;v,.- * 

9 pipe joints for cabled - 1 
SSAB, drawing office 

Drawing, 10,5 hrs 
SSAB, workshops, labor 1 V 

Making of orificeplates, 10,2hrs v ^ 

Transportation. VW-bus, 2,5hrs U 
1, 5 hrs ■ : ;; '0;':'<$k$ 



February 1960 : 

Gustafssbn & Gdrtz 
2 cutting dies 

Honeywell aB * 1 ' • 

65 m thermocouples ^ 
45 m extension wire 

Sy. Diamantborrn. AB 

Sales tax on invoice 2406 
Uddeholms AB 

Hates of stainless steel for centralWs : i€ 
AB Uddeholm Agent. 

3/8" pipe of stainless steel " " 

discount oh invoice 10704 

15 1/4" couplings of stainless steel ^ r 

Sandvikens Jernverks AB 

16 S U** 1*1? ° f 18/8 ******** steel r 
st?el X3 ' 25mm tube * "/a stainless 



.9385 



9614 



,9668 

- 1 1 .* 



11362 



' 143:61 

3.594:15 

- 146:-- 
15:13 

138:80 

^2.591:^ 

: -1.534:17 

-, : ;S9i8i-5-l-- 
: ; :; ; -fe-;i'18"2s24. 
:'9l:H ; 
- ; 16:80 

'"S" 262:06 
: 15:83 
5:84 

^.M'. 94:50 



,g;(p^; : 132;60 



: l ' '■■ i *'i.v.r. 



30:4- 



24: 1 



i ^ 11.198:30 77.411:83 



il5 12 Sjgjtfg • r7: 6 1 

10258 M'Zioi^ 
11055 i- 157:50 



10287% 



7:27 



fP519.||c^ r 238b- 



.1 *- J ;U^--£ ^ 



10704 tv r : 346*90 
11615 : fi7. 3i;42 
10865 : . .31:26 

10838 856:^- 

10839 V 2.063:16 



5 



AB Nord. Armaturfabrik rna 
Temperature gauge 

Y^Jiults Stsnhuggeri AB 

Freights by train during February 

AB Sv, Gcdscentraler 
. Freights by trucks 

SSAB 

Salary and payroll burden for test supervisor 
SSAB, field labor 

T l?h S rs 0rtati0n ^ 6oxme ? tion of compressor, 

Misc. installation work, 13, 5 hrs 
Drilling of burner holes, 72 hrs 
^ - 36 hrs 

Retransportation of drilling rig/ 3 miles, 

5, 5 hrs , . ■ ; V'- 

Rinsing of drill holes, 2 hrs 
Disconnection and transportation of Ljuniz- 

man compressor, 3 hrs * 
Unloading of pipes, 8 hrs 

Test operation, 94 hrs \ ■ 

SSAB, warehouse 

6 m wire, 3 pkgs welding rods, 0.5 kc 

square iron . 
20 kg rubber plate 
11 kg square iron 
2 0 1 m screen 

SSAB, drawing office 
Drawing, 5,5 hrs 

SSAB j, workshops, labor 

Cutting of 2 orifice plates, 0,7hr 

Turning of 2 orifice plates, 6, 8 hrs : ■ 

Misc. shop work, 138, 2 hrs T "r- . ^ 

Transportation of drilling rig, 3 miles, 9 hrs 
Unloading of pipes, 4 hrs 
Removal of drilling rig, 6, 2 hrs 

March I960 

AHA-Produkter ' : 

Manufacture of 15 burner tube couplings ! 

Ahsell; & Rylander 

20, 3 m 146 x 4 0 5 mm tube for soil casing 

AB Atlas Copco 
2 belt pullies 

AB Nord* Armaturfabrikerna 
2 pressure gauges 

Honeywell AB 

Correction of invoice for February I960 

SSAB 

Salary and payroll burden for test supervisor - 



Invoice : 




11150 


123:91 


11456 


16:-- 


11580 


38:50 


11402 


2.591:-- 



Amount 



69:79 
88:89 
474:08 
237:04 

36:53 
10:41 

20:49 
39:51 
524:10 



78:81 ' 
279:84. \ 
8:47 

! 17:18 

; 49:50 

9:10 
88:40 
: l. 796:60 
640:90 
; »- 144:-- 
■•'•'"64;^ 
155:.--.: 

■ l. - ...... ..^ . 

( 11.488:33 88,900:16 



li824;j^i: ; /;'-v3()5}:09 
11625 433j86 
12064 - 310:-*. 
12620 ! ; 43:71 
11055 : 8:50 
'-:■ ■'.:] ::*>;;; 2*591:-- 



invoice 



Amount 



53 AB, field labor 

Test -operation/ 476 hrs 

Installation of compressor, 14 hrs . : 

Misc. installation work, 84 hrs * 

Compensation for t overtime* 1 * 8 
SSAE e vrarehouse 

5S5 ceramic insulators to thermocouples. 

* welding rod 
203 m pipe 

9 V- belts, 5 stuffing boxes, 

I saxk cement 
8 kg Silix cement/ 5 V-belta, 50 kg plates 

of carbon steel 
12 plates wellboard 
6 eL heaters 
2 flanges 
200 m el r cable 

5 stuffing boxes , 5 plug cocks 
SSABg workshops, labor 

Sendee on compressors, 6 P 4 hrs 
Misc« repair and welding, 289, 5 hrs \ ' 
Cutting of steel platesp 1 hr 
Lumber work on cabin for operators; : : 
14 s 6 hrs 

Completion of thermocouples, 17, 7 hrs 
Transportation of cable, 2. 2 hrs 

VW--bu 3 , 1 hr ' 
1 3 6 hrs 



10 

13 



April I960 

Elektr. AB 

Electrical cable to compressors" 
AHA- P r odultte r 

Fabrication of burner tube compline 
with burner tube 

AB Prod,mtrl 

2 tubes Amt -Scuffing paste 

Bengt Persson 

Car compensation during Ja-DLuarv - 
April I960 . 

SSAB 

Salary and payroll burden for 
test supervisor 

SSAB, field labor 

Operation of test 0 734 hrs 
Compensation for overtime 
Service of compressor, 3 hrs 

SSAB , warehouse 

1 plug 

0* 4 m screen. 
0 e 4 10 

2 welding rods 



13089 

, i \ . ■ * 
13142 

'. , 13556 




.:. v .;;^|i:1525 ; , 



2.653:95 
91:55 - 
• 470:13 
22:30 
. 55:03 



108:82 
578; 36 

108:13 

. 90:49 
,77:88 
15:84 
2:77 
2,967:80 
107:15 

83:20 
3-763:50 
13: — 

175:20 
212:40 
4. ; 22:-- 

12:-- 



25:60 



15, 349:26 104, 249:42 

108:-- 

126:50 
20:03 

: .320:32 

^2.591:-- 

V 4. 092:42 
753:89 
'"■ 24:23 



Q:33 
1:56 
1:46 
13:67 



SSAB, workshops, labor 

Repair of compressor, 87, 2 hra 
H ., nfl : compressor fan, 1 hr 
Helper to test operator, 6,5 hra 
Transportation, VW-bus. 5 hra 

May I960 

AB Bjarkluad & Vedin 

Deduction for earlier finished work 
Labor for laying of gasline 

A, Hollingworth & Co, 

2 universal pliers 
A. H. Agren A.B 

J tons sand to burners 
. Truck transportation of sand 
AHA-Produkter 

3 burner tubexoupling a ; 
AB Atlas Copco 

Compressor valve 
SSAB 

Salary and payroll burden for test ' 
supervisor. . 8C 

SSAB, field labor 

Test operation, 640, 5 hra 
^ 10 hrs 

Compensation for overtime 
SSAB, warehouse 
7 m tube 

SSAB workshops, labor 
Making of 2 orifice plates 
Service oa compressor, l', 5 h: 
Transportation. VW-bu 8 . 1 hr 

June i960 
Atlas Copco 

Valves and springs to compressors . . 

SandvifcsstSl 

Samuels son & Bonnier 

laying of gasline 
Atlas Copco 

Beagt Persaon 

Car compensation 
SSAB 

Salaries and payroll burdan for test 
supervisor 



Invoice 



Amount 



4, 7 hrs 
5 hra 



\ ;!4* ; vBv T^-fi^- T« .477:57 



1. 133:60 - 
.13:-- 
78: — 
60:-u 



9.-338:01 113,587:43 



15063 ;./.^ 37:84 
15194 ; 65:10 



.'; 14962 

i 14381 - 
15157 

15410 

1 5483 



V25:%. '. 

216:-^ 
250:-- 

138:69 
57:-- 



H569 \ ■! "2.591: — 

• • ' » 3,571:11 
55:97 
426:14 

? V 26:60 



61:10 
19:50 
12: — 



121,065:-- 



i5905 S. :. 212:50 
16990 ife ' ^ 176:31 



16781 



9037 



67:50 
' 1:40 

100; 



- r - ■ ■ assays • * 7 ° • " . 



SSAB, field labor 

Drilling of burner holes for 
GAS-KL3, 120 hrs 

64 hrs . .. 433:64 
SSAB, warehouse 
1 tube 16944 

Spare parts to compressor ii.ia 
12 drill bit knives of hard metal : 862ill 

SSAB, drawing office • r : 

Salary. 6, 5 hra . < . ^ ^ ; ;^f 58:50 

SSAB, workshops, labor * ^^ v ^•*•^•V:y^1 :; Si^:.. 

Transportation of drilling rig ^ . "-**■• 

2 miles, 9 hrs . J - - : V-"'''- . 

. " 7hrs ::mm^fi ; &Zi 



V '« 7; ' '''^A^K^-Z^T- 345:48/" 128« 410:48 
Balance since June 1959 ;; 128* 410:48 



;; :'v 



gffljg_g^^ at the LliiMatrfa'rioi/ W ^Vnin^ 

conducted b y Svenska SfcLf ferol.1e AB . r + : 

July I960 - November i960. ,; .:/ 



July i960 

Sandviksst&l 

Sales tax on stainless pipes , 
invoice 15905 (June i960) 

AB Nordiska Armaturfabrikerna f 
Pressure gauge ' 

SSAB 

Salaries and payroll burden for teat 
supervisor 

SSAB, field labor 

Field installation of aaa-KL 3, 54 hrs 
SSAB, workshops, labor 

Oas- and air line installation, 77.6'hrs 
SSAB,, warehouse " '■' r^u 

7 sacks cement 

98 n 1" tubing for air line 



AugU3t i960 



&A-Produkter 

1 experimental burner tube coupling 

Virsbo Bruks AB . ^ if> 

5 Pieces 32.5 meter joints of 89 x 3.25 mm 
tubing for burner cosing 

Yxhults Stenhuggerl AB i> 
Freights 

SSAB 

Salaries and payroll burden for test 
supervisor 

SSAB, field labor / - 

Field installation, 224 hrs 
SSAB, workshops, labor 

Compressor maintenance, 1*1 hrs ; 
SSAB, warehouse ^''V.-'s 

2 safety valves 

2 couplings v 



Invoice •^y'\y?:'j'T'%:: 



• 233 :;:u:.; : j; ^206' 

•765 :.^.^::.^:; } 24:7^^ 



2,766: — 



312;55 



/: 1*008:80 



S ' * - ■ R n 1 



I667.; ■'■> 1.706:25 



2241 



Amount 



M94:83 I 



: . 361:50 



2,766: — 

1,292:48 

14:30 

\'V-ill: — 
; 1:12 

V-y 6.299t28 10,794:11 



S eptember 1Q60 

Yxhulta Stenh'iggeri AB 
Freights 

Hallabrottets B:llatation 
Taxi 

Axel H. Agren AB 

2,000 kg sand Tor burners 
SSAB 

Salaries and payroll burden for test 
supervisor 

SSAB, field labor 

Installation and repair of gas- 
157 hrs 

Test operation, 788 hrs 

SSAB, workshops, labor 

Making of 5 orifice plates for 
Repair of compressor pulley- 
Repair of radio, 17.1 hrs 
Transportation, lo7 hrs 

SSAB, warehouse 
3*2 kg brass 
10 coupling?! 

2 pressure gauges 

3 m 10 x 1 mm tubing 
3 valve keys 



October I96Q 

SSAB, Bengt Persson 
Car compensation 

SSAB, field labor 

Test operation, 771-5 hrs 
SSAB, warehouse 

LPQ -burner and container 



November i960 

Hallabrottets Bilstation 
Taxi 



; -invbl 




^3<fe 

v;;3597 - y ^M^ "171.15 



.766:- 





SSAB, Odsta Eriksson 
Destroyed clothes 

SSAB, Bengt Persson 
Car compensation 

SSAB, field labor 

Test operation, 226 hrs 

SSAB, workshops, labor 

Repair of compressor pulley, 1 # 3 hrs 3 



6591" W : 9:65 
6593 20:40 

: '-VV-:/^' . ;Ci2980ifi^;V : "248:65 

62:70 

r35 



Amount 



; '?9»46bs28 20,254:39 



25,422:33 1 




^lS^^^ 1 *783:65 



16:90 



Baianea "aince- July ? 



27 ,205; 9 8 
27 ,205; 98 



